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The front page mosaic presents an overview of NASA's Mission 'JUNO' to the Jovian Planet Jupiter 

Earth based telescopic image of Jupiter with its tvo moons Ganymede and Io is shown at the background. This 
image was taken by Damian Peach when Jupiter was close to opposition on 12 Sept. 2010. An artist's impression 
of the spacecraft orbiting the planet can also be seen in the foreground. Image of the Earth and Moon clicked on 
21 Aug. 2011 from a distance of 9.66 million kms by JunoCam is seen on top left while the picture of famous Big 
Dipper acquired by JunoCam during its cruise can be seen at top right. A simulated view of JUNO's position as 
on 21 June 2013 is shown at the bottom. JUNO spacecraft and its launch by Atlas V-551 is shown at bottom right 


corner. Details about the Mission are outlined in the Mission Story of this issue. 
(Image Credits: NASA/JPL-Caltech/Kim Shiflet) 


In-situ robotic planetary exploration is the need of the 
hour as a succession to the series of remote sensing 
missions that have already contributed valuably through 
reconnaissance survey of a larger expanse of our solar 
system. The excitement attributed with this challenging 
task is constantly fuelled on receiving thrilling 
information about the red planet sent by NASA’s MSL 
on regular basis. Focusing on this interesting topic, a 
team from SAC, Ahmedabad presents an informative 


article mentioning general requirements, scientific 


interests and issues related to instrument design for 
initiating such projects. 


In following articles, Young scientists from PRL have 
given insightful write ups regarding (a) utilization of 
state-of-the-art NanoSIMS instrument in getting a clear 
picture about the processes going on inside the stars and, 
(b) automatic detection of craters to estimate the age of 
the planetary surface. These articles would be added 
attraction for budding researchers. 


A popular article based on the concept of Indian Luni- 
Solar calendar emphasizing on ADHIK-MASS i.e. the 
extra month, has been included that is sure to entice our 
readers from diverse research backgrounds. 


In the events column, the issue covers an informative 
virtual workshop on lunar volatiles organized by NLSI, 
US. We extend our sincere thanks to the organizers for 
an enlightening experience. 


Latest updates about advancements in planetary sciences 
and exploration activities have been provided in News 
Highlights, Flash News and Mission Updates. A mission 
story on Juno has been included, which aims to study the 
origin & evolution of Jupiter. The back page unravels 
the secrets of ancient astronomical observatory Machu 
Picchu, a World Heritage Site in Peru. 


Before signing off, I would like to welcome 
Dr. S. Vijayan and Mr. Rajiv R. Bharti into our editorial 
team. We hope to receive valuable contributions from 
them. Also we constantly look forward towards the 
views and advices from our dear readers so let them 
keep coming! 


Once again a very Happy Reading © 


Best Wishes 


Neeraj Srivastava 


READER’ 


“_....1 am feeling extremely lucky to read this issue of 
"PLANEX Newsletter". It is indeed an _ incredible 
initiative. It helps you to groom yourself with recent 
innovations and activities in Planetary Science and 
Exploration field. I wish this effort keeps on 
flourishing.....” 


- Shival Trivedi 
Institute of Technology, Nirma University, Ahmedabad 


“_,..1 am heartily thankful for the PLANEX newsletter. 
It works like a stimulator after reading this. Working in 
Planetary Science is my dream and aim.....” 


- Sanjeet Sharma 
Department of Civil Engineering, IIT Kanpur, Kanpur 


“_,..L hanks a lot for your very good effort. It is very 
informative and depicts our great Indian 
Contribution. ....” 


-  J.A.Ansari 
Aligarh Muslim University, Aligarh 


“....[hanks a lot for one more brain storming 
FOODEAM ..” 


- Prashant Wagh 
Geological Survey of India, Hyderabad 


“'...Lhank you for another informative PLANEX 
Newsletter issue. The articles like always are very well 
written and motivate the readers to explore the emerging 
field of Planetary Sciences. Looking forward to many 


- Asmita Bhandare 
Fergusson College, Pune 


“_...The recent PLANEX Newsletter is very informative. 
Congratulations for getting ISSN number for 
newsletter.....” 


- S. Anbazhagan 
Centre for Geoinformatics & Planetary studies, Salem 
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Navigation Centre of ISRO inaugurated 

ISRO Navigation Centre (INC), an important element of 
the Indian Regional Navigational Satellite System 
(IRNSS) was inaugurated at Byalalu complex on 28 
May, 2013 by Mr. V. Narayanasamy, Minister of State 
(PMO). IRNSS is an independent navigational satellite 
system developed by our country. 


Curiosity Finds Water-transported Sediments at Gale 
The “Warm and Wet early Mars” hypothesis has been 
supported by unambiguous evidences of past watery 
activity such as, huge canyons, catastrophic outburst 
floods, streamlined islands, channeled flows, and 
drainage networks on its surface. Although Mars 
Exploration Rovers (Spirit and Opportunity) gave an 
indication of watery past, with the evidence of definite 
flow of neutral-pH water from investigated clays at 
Endeavour Crater, an in-situ rover-based investigation of 
the observed river-laid sediments was lacking until very 
recent mission of “Curiosity” of Mars Science 
Laboratory (MSL). The MSL Curiosity rover arrived at 
equatorial Gale crater on Aug. 6" 2012. Curiosity moved 
around 400 m and analyzed 100 sols across Bradbury 
Rise at Gale. During the first 275 m traverse, Curiosity 
witnessed intermittent horizontal to sub-horizontal blocks 
Se Pee Se «with embedded 


ChemCam 
instruments, 
providing 
evidences of a 
sustained fluvial 
system. In all these outcrops, the variations in grain size 
range from 1 mm (very coarse sand) to 2 - 40 mm 
(pebbles), and their distribution indicated moderately 
sorted sediments. Based on the particle size, roundness, 
sorting, and fabric, the outcrops ascribed to be of 
sedimentary origin, and classified as fine-pebble fluvial 
conglomerates. The interpreted mechanism for the 
transport of sediments confirmed that these are water- 
transported sediments. The elemental composition of the 
conglomerates determined from the Laser-Induced 
Breakdown Spectrometer (LIBS) of the ChemCam 
instrument revealed a composition corresponding to high 
silica and high alkaline content, which is indicative of 
less-prolonged aqueous alteration. These findings 
definitely indicate sustained liquid water flowed across 


Figure: Comparative views 
pebbles at Mars and Earth 
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the Gale landscape and provided momentum for the 
former presence of habitable environments on Mars. 
Source:http://www.sciencemag.org/content/340/6136/1068.ab 
stract;http://www.sciencemag.org/content/340/6136/1055.sum 
mary 


Un-erased Water Signatures of Shoemaker-Levy 9 
Impact on Jupiter 

Comet Shoemaker-Levy 9 (SL9) composed of nearly 21 
fragments was first discovered by astronomers David 
Levy, Carolyn and Eugene M. Shoemaker on Mar. 24, 
1993. Also, this was the first comet seen orbiting a planet 
rather than orbiting the Sun. In July 1992, it passed 
within Jupiter's Roche limit inside which the planet’s 
tidal forces are so high and strong that it lead to its 
disintegration into so many smaller parts. This comet 
collided Jupiter on July 1994, with impacts in the 
Southern hemisphere 
leaving behind 
prominently visible 
scars on its disk for a 
long period of time. 
Distinct chemical 
changes took place as a 
result of this impact. 
Emission from water 
vapour was observed 
during the fireball 
phase. Later on, in 
1997, water vapour 
was detected in the 
stratosphere of Jupiter 
by the ESA’s Infrared 
Space Observatory 
(ISO). It was suspected that the water vapour could be a 
possible consequence of the SL9 impact since the comets 
are known to be water rich bodies. Recently, T. Cavalié 
and his colleagues of ESA have observed apparently 
visible North-South asymmetry in the distribution of 
water, with more water in the Southern regions by 
observing spatial distribution of the water emission lines 
in Jupiter’s stratosphere using Heterodyne Instrument for 
the Far Infrared (HIFI) and Photodetector Array Camera 
and Spectrometer (PACS) onboard Herschel. This 
indicates that 95% of the water currently present on 
Jupiter comes from the comet. 

Source: www.sciencedaily.com/releases/2013/04/130423 
102335.htm 


Credit: NASA/JPL, ESA, 
H. Weaver and E. Smith 
(STScI) and J. Trauger and 
R. Evans 
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Origin of Lunar MASCON Basins Revealed 


The ever since lunar mystery, unwanted discovery of 
mass concentrations (MASCONS), now seem to have 
revealed through a latest research that employed 
unprecedented high-resolution of NASA’s GRAIL 
(Gravity Recovery and _ (Interior Laboratory) 
measurements. The study of large concentrations of mass 
beneath the lunar surface is essential as it anomalously 
changes the gravity field, therefore can either pull a 
spacecraft in or push it off course, fastening its fate to an 
unexpected smash on the surface of the moon. These 
MASCONS were first realized during the Apollo 
missions. Free-air gravity anomalies from GRAIL 
observations over some of the lunar basins revealed 
bulls-eye patterns consisting of a central positive 
(MASCON) anomaly, a surrounding negative collar, and 
a positive outer annulus. Further, integrating GRAIL 
measurements with lunar topography data from the Lunar 
Orbiter Laser Altimeter (LOLA) and _ numerical 


modeling, it is proposed that gravity anomaly pattern of a 
MASCON is likely to result from impact crater 
excavation in the warm Moon, followed by post-impact 
isostatic tuning during cooling and contraction of a 
voluminous melt pool. The results from this research add 
clues to the origin of Moon and its evolution and will be 
useful in studying other planets (Mars and Mercury), 


where MASCONS are also known to exist. 
Source:http://www.sciencemag.org/content/early/2013/05/29/s 
cience.1235768;http://www.sciencedaily.com/releases/2013/05 
/130530142009.htm 


Common Origin for Water in the interiors of Earth 
and Moon 
Water is indeed the most momentous molecule in the 


solar system, therefore determining its origin and 
distribution in the planetary interiors definitely bears 
important implications for understanding the evolution of 
planetary bodies. In one of the latest research on finding 
the origin of Moon’s water, deuterium/hydrogen ratios 
were estimated in the lunar rocks on Earth using a 
Cameca NanoSIMS 50L multi-collector ion microprobe. 
The basic motivation for this work came from the fact 
that water molecules originating from different places in 
the solar system have different amounts of deuterium, 
things formed closer to the sun have less deuterium than 
things formed further out. This made the researchers to 
rethink upon the previously established fact that comets, 
like meteorites, have carried the volatiles into the 
planetary bodies. Their study aimed to target melt 
inclusions (tiny dots of volcanic glass trapped within 
olivine) found in rock samples brought back during 
Apollo era. The researchers discovered that the 
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deuterium/hydrogen ratio in the melt inclusions was 

relatively low and matched the ratio found in terrestrial 

water and carbonaceous chondrites originated in the 

asteroid belt. This has shown that water on Moon and 

Earth share a common source, i.e. the primitive 
SD (%o) 
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Figure: D/H and '°N/"4N ratios of the Moon compared to 
carbonaceous chondrites, Earth and comets. 
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meteorites. The Moon is believed to have formed from a 
disc of debris left when a giant object hit the Earth, 4.5 
billion years ago. This was followed by impacts from the 
same family of carbonaceous chondrites on proto-Moon 
and proto-Earth, soon after they got separated. However, 
there is yet lot to understand about the Moon-forming 
processes, that the water in the Moon was able to survive 
even after the giant impact. 


Source:http://www.sciencemag.org/content/early/2013/05/08/s 
cience.1235142;http://www.sciencedaily.com/releases/2013/05 


/130509142102.htm 


Recent Studies Revealing Saturn’s Youthfulness 

Saturn, the sixth planet from Sun and the second largest 
planet in our solar system is known for its beautiful 
prominent ring system. Mainly comprised of hydrogen 
and helium, its distinctive brightness till now was 
attributed to helium rains, result of helium failing to mix 
with hydrogen rich atmosphere. As in general, planets 
become darker in color and the temperature becomes less 
with age, but it is not so in case of Saturn. Why is it so? 
Recent research in this field has revealed few aspects and 
evidences on this. Prof. Gilles Chabrier, from Exeter 
University, U.K., and researchers from Ecole Normale 
Supérieure de Lyon, stated that the layers of gases 
generated by certain physical instability deep within the 
planet prevents heat to escape which actually keeps its 
temperature higher than it should have been. In Saturn, 
heat is only transferred partly through diffusion process 
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across various gas layers. These layers insulate the planet 
and prevents heat loss, which keeps the planet warm and 
bright. New findings suggests that the interior 
composition, structure and the thermal evolution of 
planets and other cosmic bodies within our solar system 
and beyond can be much more complex than thought till 
now. 

Source: http://www.sciencedaily.com/releases/2013/04/130430 
131525.htm 


Comet 2013 A1 on its way to Mars 

Till now in a quest for understanding Martian evolution, 
several missions have been sent for various scientific 
explorations. At present, we have three active satellites 
and two rovers — Curiosity and Opportunity, trying to 
find new assets. Astronomers 
around the world are curious 
about the comet 2013 Al 
having a small but non- 
negligible chance of hitting 
Mars in October of 2014. The 
comet has a nucleus of 
approximately 1-3 km 
diameter and has an enormous speed. According to an 
estimate if it hits Mars, energy equivalent to 35 million 
megatons of TNT will be produced. Similar asteroid and 
meteorite impacts have also occurred elsewhere in the 
past; one of them being the powerful impact on Earth ~ 
65 million years ago which is understood to be 
responsible for the extinction of dinosaurs. According to 
Michael Meyer, a lead scientist for the Mars Exploration 
Program of NASA, such an impact if it occurs can bring 
notable changes to the Martian atmosphere. Due to these 
expected atmospheric changes, the operations of the 
rovers and orbiters currently exploring the red planet may 
get affected. Researchers also believe that this type of 
impact can also produce Martian aurora. Unlike Earth, 
Mars is magnetized only in certain portions mainly in the 
Southern hemisphere and the ionized gases hitting the top 
of Martian atmosphere can likely produce a strong aurora 
effect. According to NASA’s Paul Chodas, a near miss 
is more likely than a direct hit and researchers are keen to 
study how the comet’s atmosphere will interact with 
Mars atmosphere and its related effects. Analyzing the 
spectrum of disintegrated meteors resulting from such an 
event will definitely increase our knowledge on the 
chemistry of the upper Martian atmosphere. 


"Credit: Science@NASA 
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Source: http://science.nasa.gov/science-news/science-at- 
nasa/2013/26mar_marscomet/ 


Celestial Origin for Ancient Egyptian Bead 

The earliest (approximately 3300 BC) known use of iron 
is represented from Egypt, where jewelries made from 
iron were used by 
Egyptians at their 
burial site. The proof 
arises from strings of 
iron beads that were 
excavated in 1911 at a 
burial site, known as the Gerzeh cemetery, approximately 
70km south of Cairo. What was left to ascertain for these 
iron beads was to test for the context of its celestial 
origin or whether it is an outcome of an early 
metallurgical attempts. From an analytical study in 1928, 
it was estimated that the iron in the beads had high nickel 
content, 7.5 wt% nickel and 92.5 wt% iron, which was of 
course a signature of iron meteorite, suggesting it had 
fallen from sky. For ancient Egyptians, anything that had 
fallen from the sky was going to be considered as a gift 
from the gods. Therefore, if this iron bead had a celestial 
origin, surely, it had some magical/religious power as 
believed at that time. The Egyptians chose to include this 
rare and beautiful material in their graves. Later in the 
1980s, doubt was again cast on the celestial origin of 
beads, and it was argued that high nickel content could 
have been the result of early smelting (production of 
metal from its ore). In order to clear up the argument, 
some latest analytical investigation of these iron beads 
were carried out that finally substantiated meteoritic 
origin for the ancient Egyptian ornament. The research 
showed that the nickel content is actually very high, as 
much as 30 %, justifying that it did indeed come from a 
meteorite. The microscopic examination of the samples 
led them to discover distinctive crystalline structures in 
it, called a Widmanstatten pattern, which is as for now 
only known to be found in iron meteorites. Additional 
examination of the bead also showed that it was not 
molded under heat, but to a certain extent hammered into 
form by cold working. This example shows another time 
when cosmic origin of an ancient artifact is revealed. 
Source: http://onlinelibrary.wiley.com/doi/10.1111/maps.12120/a 
bstract;http://www.nature.com/news/iron-in-egyptian-relics- 
came-from-space-1.13091#/b1 


Figure. Optical image of bead. 
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Two Distinct Classes of Terrestrial Planets 

While it is realized that, the similar-size planets Earth 
and Venus have formed by accretion of similar rocky 
materials, it is essential to understand the differences they 
bear in terms of preserving water on their surface. It is 
understood that planets grew by the process of accretion 
involving numerous collisions with smaller bodies. The 
energy of such collisions caused large-scale melting and 
the formation of deep “magma oceans”. This earliest 
phase of planetary evolution involves cooling and 
solidification of the magma ocean, which constructs 
conditions for segregation of mantle and circulation of 
volatiles between the interior and the exterior. During the 
cooling phase of the impact-generated magma ocean, a 
dense steam atmosphere can be generated on such a 
young planet. As the lower portion of the atmosphere 
saturates with steam, it imposes a strict upper limit to the 
amount of outgoing radiation from such planets at 300 
Wm’, through greenhouse effects. In addition, the 
planets that are closer to their central star receive higher 
flux of incoming radiation. Recent thermal modeling that 
incorporates these facts clearly shows that the magma 
oceans of rocky planets closer to the central star (like 
Venus) take much longer times to cool (>100 Myr), when 
compared to those that are at a farther distance (like 
Earth). This slow cooling leads to loss of steam 
atmosphere by hydrodynamic escape, leading to the 
desiccation of the planet, and the planet evolves as a drier 
planet (Type II). Whereas, the distant planets cool faster 
(~ 1 Ma), resulting in much lower water loss and 
essentially retain this acquired water and form the 
earliest oceans on its surface (Type I). This explains the 
origin of two distinct types of terrestrial planets in the 
solar system. For Earth, it is obvious that it belongs to 
type I, however for Venus, considering the dryness of the 
surface and mantle that was predicted earlier, it may be 
categorized under the type II that bears longer 
solidification and cooling history. However, it is yet to be 
established for which type it really belongs, as its 
distance from sun is only close to the critical orbital 
distance that distinguishes them as a closer or distant 
planet. The possibility that Venus may have lost its water 
at a much later stage after its cooling can also not be 
excluded, and this justifies the need for developments in 
future analytical and modeling aspects. 
Source:http://www.nature.com/nature/journal/v497/n7451/abs/ 
nature12163.html;http://www.nature.com/nature/journal/v497/ 
n7451/full/497570a.html 
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Displaced Volcanoes of Jupiter's Moon Io, the Most 
Volcanically Active World in the Solar System 
Link:http://www.sciencedaily.com/releases/2013/04/ 
130404170227.htm 
Mars is bombarded by more than 200 small asteroids 
or bits of comets per year 
Link:http://www.nasa.gov/home/hqnews/2013/may/ 
HQ_13-142 Mars MRO Craters.html 
NASA'S Voyager 1: First Spacecraft to Reach 
Interstellar Space 
Link:http://www.nasa.gov/voyager 
http://voyager.jpl.nasa.gov 
Carved channel system on Mars 
Link:http://www.esa.int/Our_Activities/Space_Scien 
ce/Mars_Express/The floodwaters of Mars 
NASA's Curiosity radiation measurement has 
implications for future manned missions 
Link:http://www.nasa.gov/home/hqnews/2013/may/ 
HQ_13-165_MSL_ Radiation Findings.html 
Black hole mystery continues to unravel 
Link:http://www.sciencedaily.com/releases/2013/06/ 
130614140504.htm 
Hubble space _ telescope 
extrasolar planet 
Link:http://www.sciencedaily.com/releases/2013/06/ 
130613133543.htm 
NASA's Opportunity rover sets new record in its 
continued exploration of Mars 
Link:http://www.sciencedaily.com/releases/2013/05/ 
130517120939.htm 
NASA's Mars Reconnaissance Orbiter explains 
temperature differences in Mars atmosphere 
Link:http://onlinelibrary.wiley.com/doi/10.1002/grl.5 
0497/abstract 
Martian clays may have added implications for life 
Link:http://www.plosone.org/article/info:doi/10.1371 
/journal.pone.0064624 
Big Bang Took Place Earlier than Previously 
Thought 
Link: http://www.reuters.com/article/2013/03/21/us- 
space-universe-idUSBRE92K15Q20130321 
4 Billion Years Ago Mars' Atmosphere was more 
Oxygen-rich than Earth's 
Link: http://www.bbc.co.uk/news/science- 
environment-22961729 
A Weaker Earth's Iron Core than Previously Thought 
Link:http://www.sciencedaily.com/releases/2013/05/ 
130520095404.htm 


detected creation of 
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In-Situ Planetary Exploration: Challenges for 


Instrument Deve t 


Introduction: Exploration is the observation or 
measurement or study of natural body or phenomenon. 
Exploration may deal with anything on Earth or in sky or 
in space. Space exploration deals with the celestial or 
heavenly bodies which may include galaxies, stars, 
planets, comets and asteroids etc. Planetary exploration 
has particular focus on celestial objects like planets & 
their natural satellites, asteroids or comets (including the 
central body i.e. star) etc. For exploring an object, the 
observations may be either remote sensing (sensing from 
a far distance) or in-situ (near or contact with object 
under observation). In-situ exploration is challenging in 
terms of technology, intellect, devotion, cost and time. 
This article briefly deals with general requirements for 
in-situ exploration, scientific interests, issues related to 
instruments design, possible approaches to meet the 
mission and scientific goals in reference to electro-optical 
instruments. It is also explained with MARS Space 
laboratory as an example. This is meant for beginners. 


Space and planetary exploration: Space and planetary 
explorations pursued due to human curiosity and 
imagination and to resolve scientific mysteries. The 
scientific interest could be to understand the origin and 
evolution of: 


e Universe 
e Galaxies 
e Stellar or Planetary Systems 
e Solar System 
e Life on Earth etc. 
Some of the other interests of space exploration could be 
summarized as below. 
e To find out the past or present signature of life 
on other planets (like Mars or Titan to name a 
few) 
e To find out the habitable conditions 
resources 
e To make the habitat outside the Earth, for 
harnessing the unlimited gifts of nature 


and 


e To broaden the experience & imagination 

e To permit better prediction of the future and 
ensuring survival in odd situations 

e To Create technological base 
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e To establish laboratories on other planets for 
observation of universe 


In-situ exploration: Out of two classes of observations 
namely remote sensing and in-situ, there is a clear need 
for in-situ observations to carry out exploration needs as 
mentioned above. There are some limitations for Remote 
sensing based observation. 

First limitation comes from _ the spatial 
resolution requirement. For observing the small or 
microscopic feature on surface the remote sensing 
capabilities are not enough to meet the requirements. For 
example, small or microscopic features can be generated 
due to presence of fluid like water, or microbes and 
geological activities etc. Second limitation comes from 
the presence of dense atmosphere on various planetary 
bodies which restricts the orbit based remote sensing in 
Visible and IR region, the most important part of the 
electromagnetic spectrum. Visible and IR information is 
easily comprehendible by humans. In such situations 
microwave or radio-wave remote sensing can 
complement the requirement but not to the extent it is 
required. Third and most apparent limitation of orbit 
based remote sensing comes when one wants to probe or 
observe the underneath of the surface (commonly known 
as sub-surface) even if the atmosphere is clear or absent. 
To some extent (e.g. order of few centimetres or sub- 
meter) microwave or radio-wave remote sensing can help 
but not to the extent it is required. 

In-situ exploration is attempted generally for the 

following reasons: 

e Surface / subsurface studies for knowing features, 
topography, soil and mineralogy. 

e Physical observations like texture and grains of the 
soil, rock or ice. 

e Chemical testing or analysis for knowing the internal 
properties of sample. 

e Determining elemental or molecular composition of 
sample. 

e Seismic and gravity studies to understand the interior 
of the planetary bodies. 

e Atmospheric measurements to determine 
composition, wind, temperature and pressure profile. 

e Monitoring the radiation environment on planetary 
bodies. 

e Electric and magnetic field surveys. 


ee - Back to Contents 
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To understand the origin and evolution of 
planetary system and life 


Site Selection 


In-Situ Exploration Flowchart 


Sample Determination or Identification and Selection 


Soil, Rock, Sub-surface, Atmospheric and Ice 
Sample Acquisition, Handling and Analysis 


Vv 
Vv 
v 


Vv 


VV 
Solid Sample Pressure Temperatur 
Sensor e Sensor 


Sample Acquisition 
Probe 


Evolved Gases 


Absorption or 
Emission 
Spectroscopy in 
UV-VIS-IR region 


Chemical Analysis 


Optical properties 
ee Absorption or Emission 


Grain Size and Porosity Spectroscopy in 
| UV-VIS-IR region 


Color and 
Texture 
I>] Molecular Species Minerals 
Spectrometry, XRF Thermal and Electrical 
Hydrocarbons Molecules Analysis, Conductivity 


Mineralogy etc. 
Functional Elements 
group 
Isotopic ratio Isotopes 


In-Situ Exploration flow chart: In-situ exploration processing and analysis techniques. A typical strategy 
involves technical steps like site selection, sample for in-situ exploration is shown. The above chart gives 
identification and selection (e.g. soil, rocks, sub-surface, general approach for in-situ exploration. Based on the 
atmospheric gases and ice), sample acquisition, handling goal for the mission and the constraints one needs to 
and analysis. Different types of samples and the scientific select optimal set of instruments for the mission. The 
goals may demand different instruments, methodologies, instruments requirements are elaborated as follows. 


Final outcome is immense scientific knowledge which can help to 
understand the origin and evolution of planetary system and life 


Figure 1: (a) Spots for mineral composition analysis (b) Rover exploring the Martian surface (c) Huygens probe decent in 
atmosphere for atmospheric & surface studies (d) Solar radiation environment and effects on magnetic field (e) Saturn’s 
electro-magnetic field 
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Instruments for in-situ measurements: There are many 
theories for the origin and evolution of life on Earth. 
Following figure [Fig.2] demonstrate the one, most 
accepted theory for origin and evolution of life on Earth. 
As can be seen in above figure that sources for energy, 
water and mineral are required for the origin and 
evolution of life. Also, it takes millions of years for the 
life to be evolved into complex species. Based on the 
above, for exploring life on other planets, in-situ 
instruments are required to identify and measure various 
resources and to detect the signature of life at various 
evolutionary stages like organic molecules, self- 
replicable macro molecules, single cellular species, 
evolved complex species and fossils. 


For detection of energy sources, various instruments are 
used. Photometers or radiometers for solar power or 
energy measurement, lightning sensors (which can be 
remote sensing), thermal sensors for hot spot detection on 
surface and high energy radiation or particle sensors for 


Inorganic Building 
Block: Elements like, 
C,H,O,N, P,Sor 
molecules like 
NH3,CH4 etc. 


Macro-molecules or organic molecules 
i.e. precursor to molecules like RNA or 
DNA which have property of self- 

replication and evolution 
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alternative energy source detection. For detection of 
water, instruments used are IR spectrometers (which 
senses the spectral lines or signature of water molecule), 
mass spectrometer (which senses the molecular mass of 
the water molecule and its dissociative products) and 
thermal imager which senses the spectral signature of the 
water molecules and image the spatial distribution also. 
For detection of elemental building blocks or small 
molecules or macromolecules, instruments used are UV 
and X-ray fluorescence spectrometers (which senses the 
characteristic fluorescence emission lines of elemental 
species like C, O, Fe, Ti etc.), X-ray diffraction technique 
based instruments (which senses the internal crystal 
structure and atomic constituent of the sample), UV-VIS- 
IR spectrometers (which senses the spectral signature of 
target in broad spectral range giving more concrete 
information about the constituents, mass spectrometers 
(which measures the elemental or molecular species of 
the sample based on their atomic or molecular masses) 
and chemical analyzers (which analyzes the sample using 


Primitive forms of life 
(Single cellular) e.g. 
protozoa: amoeba & 
paramecium 
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various chemical properties like reaction products with 
various reagents). For detection of fossils and living 
organisms, instruments used are color cameras (which 
images various target features), chemical analyzers 
(which can help in determining the origin of molecular 
species whether it is organic or inorganic) and isotopic 
ratio measuring instruments (which measures the ratio of 
stable and unstable isotope of an element to extract the 
historic and evolutionary information). Other instruments 
used for various measurements or observations are 
panchromatic cameras, stereo viewing cameras, 
intelligent cameras with decision making capability, IR 
cameras, imaging spectrometers, alpha-proton-X-ray 
spectrometers, gamma-ray spectrometers, seismic 
sensors, gravity sensors, gas analysers, iron and neutral 
spectrometers, methane or ammonia analyzers, gas 
chromatograph, anemometers, atmospheric drag sensors, 
backscatter nephelometers, thermal ®& electrical 
conductivity probes, hydrometers, thermometers, 
barometers, accelerometers, altimeters, electric field 
sensors, magnetometers, cosmic ray detectors, compound 
plasma spectrometer, electron temperature probe, 
scintillation counters etc. 


For the purpose of exploring other planets to study 
the habitable conditions and resources, a set of in-situ 
instruments have to be worked out. It may be required to 
understand the ways of harnessing resources: the gifts of 
nature. In-situ planetary exploration along with the 
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technological advancement will help in extending 
laboratories and observatories beyond Earth. This may 
offer the additional advantages w.r.t. the Earth based 
facilities. 


Challenges and approaches for Instrument design and 
development: Various other factors need to be 
considered and challenges have to be faced for any 
instrument development, especially when the aim is in- 
situ planetary exploration. Operating conditions or 
environment need to be considered. Based on the science 
or exploration interest the particular type of instruments 
needs to be configured by simultaneously considering the 
mission and available technology limitations. Operating 
conditions need to be considered are temperature of 
atmosphere and surface (whether it is very high or 
moderate or very Low and its variability with time and 
place), pressure of atmosphere (whether it is very high or 
moderate or tenuous), atmospheric dynamic (like wind or 
circulations or storms), surface or interior conditions 
(whether it is rocky or soft soil or liquid or ice or 
gaseous), energy sources (distance from sun, thermal or 
nuclear energy sources etc.) and gravity of planetary 
body. Based on mission requirements & limitations and 
technology available various considerations are mass & 
size, miniaturization requirements & techniques, robotics 
or mobility requirements, power generation technology & 
capability, data transmission (data rate) capability, data 
processing techniques and technology reliability. 


Stiffened 
Structure 


Figure 3: High temperature materials: (a) Ceramics (b) Nickel Super Alloy (c) Titanium Metal Matrix Composite (TMC) 
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Planetary bodies for in-situ exploration interest may have 
extreme conditions in terms of pressure, temperature & 
its variation. For example, Venus has mean temperature 
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as high as 462°C and equatorial surface pressure as high 
as 9ibars. Moon has almost no atmosphere and 
temperature variation from -173°C to +117°C. The 
instrument development for such a harsh environment is 
a big challenge. For such challenge optimum approach is 
needed. Appropriate material [Fig.3] selection undertakes 
considerations like withstanding capability of material 
operating conditions (high temperature or 
pressure), coefficient of thermal expansion (CTE), 
thermal conductivity, elastic behavior and mechanical 
strength & its variation with temperature. 


under 


Planetary wind need to be considered. High wind speed 
in Jovian planets (100s m/s) is big challenge for in-situ 
missions. Shutters may be required for sensor in case of 
dust storms. Alternately, self cleaning materials shall be 
used. Gravity need to be considered for mission as well 
as sensor point of view. Mechanical structure strength 
and the fuel for mobility depend up on the gravity. 


This becomes a challenge for optimum design and 
development with accurate estimations. Due to large 
distances of many planetary bodies from Sun, power 
received is not adequate for long duration mission. Thus 
longevity of in-situ missions is the function of 
alternative power sources like radio-thermal generator 
(RTG) or nuclear batteries & the low power designs. 


Due to long distances there is large communication 
delay [Fig.4(c)]10s of minutes for terrestrial planets and 
few hours for Jovian planets. Thus in-situ experiment 
setup needs to be an extra-intelligent system which is 
quite challenging. Due to long distances high power, 
smaller beam width and better pointing accuracy 
[Fig.4(b)] requirement adds another challenge to 
communication or transmission systems. High data rate 
is another requirement due to increased science or 
exploration interests or themes. 


High energy radiation [Fig.4(a)] (here after called 
Radiations) includes high energy EM wave like X-ray or 
Gamma ray and high energy particles like protons, alpha- 
particle, beta-particle or other heavier fast moving ions. 
High energy radiation budget affect the sensor 
components and degrade the performance as a function 
of flux and exposure time. Sensor’s detecting component 
like CCD detectors are one of the major victims of 
radiations. Electronics, coatings on optical components 
and glued joints may also be affected by radiations. Thus 
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it’s a matter of taking a challenge for complete sensor 
system protection form radiations. Using radiation 
hardened electronics, optical components and detecting 
element or providing radiation shielding are required 
approaches for durable planetary missions. 


Miniaturization: Constraints, on size, weight and power 
of in-situ instruments, have to be met through innovative 
designs, usage of light materials and miniaturization of 
various sub-systems. 
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Electro-optical sensors require optical sub-system, 
electronics sub-system oor detector subsystem. 
Miniaturization in optics [Fig.5] can be realized through 
various approaches like compact optical configurations, 
light weighting, beam folding, catadiaptics / diffraction 
optics / hybrid approaches. Reconfigurable multiuse 
systems help miniaturization. Tunable optical elements 
[Fig.6] reduce volume and weight significantly. MOEMS 
/ MEMS based systems are other alternates. 


(c) 
Figure 7: (a) Hybrid FPA, (b) Sensor microarray and 
(c) Micro lens over photodiodes 
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Figure 8(a) Multiline-multiband detector (b) Vertically 
stacked multiband detector (c) Dual band micro- 
bolometer 
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Miniaturization of detection systems: Availability of 
smaller pixel and larger detector format leads to smaller 
and simpler optical design and hence less size and 
weight. Availability of on-chip digitization and 
processing reduces size and power requirements of 
supporting electronics. Presently devices [Fig.7 and 
Fig.8] with micro lens array over pixel (high QE), Multi- 
line silicon detectors with embedded filters, Multi-band 
IR detectors with Readout circuit, filters assembled in a 
Dewar are available which reduce the system complexity 
significantly. 


Miniaturization of electronics: Smaller and efficient 
power supply, multi-functional, reusable — or 
reconfigurable ASICs, system on chip development can 
lead to realization of miniaturized electronics. 


Mimicking biological Systems: 
inspiration for 


Nature [Fig.9] has 
innovations 


always been an and 
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technology development. Stringent requirements and 
harsh environments require systems that can adapt to 
changing situations and sustain and perform well. This 
calls for systems that can mimic biological systems. 
Optical system like eye that can adjust to changing 
intensity and 

distance of object, filter changing their characteristics 
based on requirements, structures capable of holding 
heavy bodies with minimum stress, electronics 
processing signals at lightning fast speed, longer lasting 
energy sources will provide new dimension to present 
day technologies. 


Robotics as an aid to Exploration: Robots [Fig.10] play 
a key role in the surface based in-situ exploration. 
Development of robots will help progress in in-situ 
exploration. It allows to investigate different regions for 
several scientific studies. 
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Figure 9: (a) Cats recognize images faster than super computer,(b) Woodpecker drills hole into trunk of a tree by multiple 
small-energy impacts,(c) Mimicking photosynthesis, (d) Squid, octopus, cuttlefish instantly change their skin color & 


pattern, and (e) Lift > 100 times its weight 


Figure 10: (a) Robot drilling 


(b) Robot climbing 
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Searching Opportunity within Challenges [Fig.12]: 
The environmental conditions on planets and moons can 
sometimes be used innovatively for exploring space 
research. For example, Lunar conditions can be seen in 
the form of opportunity in different context. Low 
temperature can be natural resource for cooled IR 
detectors; lack of atmosphere gives complete window for 
Universe observation, far side of Moon is permanently 
shielded from Earth’s radio noise thus offer radio-noise 
free radio-wave observation of the Universe and lunar 
crater can be used for large antennas, mirrors with 
extremely stable platform for observation. 


Case study: MSL (Mars Space Laboratory) - 
Curiosity Rover 
As already discussed in the above sections, the major 
challenges that an in-situ measuring instrument face are 
huge variation in environmental temperature, high wind 
pressure and flow, cosmic radiations, high power 
communication etc. 
Curiosity rover design is robust and takes care of all 
these extreme and harsh conditions. Following are the 
instruments onboard curiosity rover. 

1. Mast Camera 

2. Mars Hand Lens Imager 

3. Chemistry & Mineralogy X-Ray Diffraction 

4. ChemCam 

5. Sample Analysis at Mars (SAM) Instrument 

Suite 

6. Radiation Assessment Detector (RAD) 

7. Dynamic Albedo of Neutrons (DAN) 

8. Rover Environmental Monitoring Station 

9. Alpha Particle X-Ray Spectrometer 
Analysis of Technologies adapted / developed to 
meet the challenges: 
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Temperature / Thermal challenges: Discrepancy in 

Martian temperature was posing to be a tricky situation 

for thermal engineers to deal. In the particular landing 

site of Mars Science Laboratory, temperature varied from 

146 K to 303 K. However rover only requires warming 

up of its constituents, hence following measures were 

exercised: 

e Firstly, internal components of rover naturally 
dispense heat when in use, leading to natural cooling. 

e Secondly, electrical heaters are installed on few of 
the components. 

e Third effective method is utilizing the rover's HRS 
(Heat Rejection System). Excess heat generated from 
inbuilt Multi-Mission Radioisotope Thermoelectric 
Generator (MMRTG) is circulated through the rover 
system to maintain the operating temperature of 
instruments, computers, mechanical devices and 
communications systems. This method of 
temperature regulation is independent of the rover's 
electrical power backup, excluding the urgency of 
spot heating of radioisotope heater units. 


Multi-Mission Radioisotope Thermoelectric 
Generator: It consists of remote warm electronics box 
which maintains the temperature of the mast components 
above -40° Fahrenheit through thermal heating. 

Thermal regulation of the battery is done via the Heat 
Rejection System and separate Thermo Electric Coolers 
(TEC) and heaters. 


Power requirements: Mars surface receives about 2.3 


times less solar power than earth and also as the rover 
stays on the surface of mars it has to experience about 12 
hours of night. Also solar panels are bulky and hinder 
rover’s mobility. This calls for power source other than 


Figure 11 (a) Lunar topography (b) Observing the universe from Lunar base facility and (c) Lunar topography as natural 


source for telescope antenna or mirror. 
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solar arrays. MSL inherits Radioisotope power system 
from NASA past missions. It produces electricity from 
the natural decay of Plutonium-238. To meet the 
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in X-band. The UHF have the advantage of transmitting 
more data in less time, utilizing smaller shorter 
wavelengths , provided that the transmission is precisely 


challenges of powering large number of instruments 
onboard rover certain modifications were carried out in 
the power system and the modified power source is 


known as  Multi-Mission Radioisotope 
Thermoelectric Generator (MMRTG). MMRTG 
power backup has the capacity to sustain the 
mission in fully functional manner for a 
complete Martian year [687 earth days, roughly 
two earth years] extending over a wide range of 
latitude. It has optimized power level for 14 
years of operation. Compared to the solar 


focused at the receiving end. Rover transmits 
information primarily through low-gain antenna, 
dispersing less focused signals. Once rover locate the 


Mastcam 


camera heads . DAN 
REMS _ — RAD 


became , 


power, the MMRTG minimizes weight and 
adds more flexibility to spacecraft and mission 
designs. 


Mobility requirements: Autonomous 
Planetary Mobility technologies have instilled a 
sense of intelligence in rovers enabling them to 
make decisions and evade hazards on their own. 
Mars Science Laboratory mission while 
utilizing the past technologies improvises to 
incorporate new developments. MSL is already 
equipped with mobility technologies of its 
predecessor MAR mission and Mars Pathfinder 
in terms of a six-wheel drive, a rocker-bogie 
suspension system, scene-scanning instruments and 
autonomous navigation software. However it has 
advanced on Ground clearance which was elevated to 
slightly more than 60 centimeters, enabling it to ascend 
comparatively larger rocks than ever before. The 
competence has been further enhanced 

by the balancing ability of rocker-bogie system. It keeps 
the rover to maintain its balance even when tilted to 45 
degrees angle in any direction. This tendency is further 
improved by on board fault protection system which does 
not let the rover to incline more than 30 degrees. 


Telecommunications: Communication with rover is 
made viable through UHF frequencies. These frequencies 
record the information transmitted to earth through 
NASA's Mars Reconnaissance Orbiter. The 
communication is scheduled twice daily. NASA's 


Odyssey serves as a backup for relaying information in 
the same manner. The rover has two other antennas for 
communicating directly with Earth. One is the Low-Gain 
Antenna, the other the High-Gain Antenna both operating 
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Figure 12 A schematic showing of the 10 science instruments 
aboard NASA Mars rover Curiosity 


Earth, communications is switched to the High-Gain 
Antenna. The High-Gain Antenna transmits sharper 
signal by NASA’s Deep Space Network of antennas 
which are focused directly on Earth. 

Planetary Protection: Planetary protection technologies 
ensure complete cleaning and sterilizing of spacecraft 
and take care of soil, rock, and atmospheric samples. For 
preventing the transportation of Earth organisms to Mars 
techniques are adopted for checking instruments for 
biological cleanliness and cleaning is carried out using 
alcohols and heating is done to eradicate any microbes. 
Due to bigger size of Mars Science Laboratory uses two 
new technologies to streamline the assessment of whether 
the spacecraft is biologically clean enough to meet its 
planetary protection goals. PPT are innovative and 
improvised techniques which ensure the cleanliness of 
the spacecraft and signal the engineers to move to the 
next level of assembly. Limulus Amoebocyte Lysate 
[LAL] and Adenosine Triphosphate [ATP] are two 
advanced assaying techniques which spot the bio- 


14 
Back to Contents 


molecules typically attached with microbes that would be 
still residing in the hardware. The whole process takes 
less than an hour. 


Wind and Dust protection: Protection of optical 
windows from dust is one of the major concerns during 
landing phase of rover. The Hazcams installed on 
Curiosity have one time removable lens covers which 
protect them from probable dust raised during landing of 
the rover. Pyrotechnic devices removed the lens caps 
after landing. The Navcams have no lens covers as they 
are protected during the landing as the remote sensing 
mast is in a stowed position for the landing. 


Radiation shielding: Shielding from radiation coming 
from outer space has been of concern for almost all the 
planetary missions. Curiosity deals with radiation on 
mars surface by shielding provided by its structure and 
usage of radiation hardened electronics. 
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The Indian LCunt-Solar_ Calendar and the 


oncept of Adhik-Maas ta-Month 


Introduction: 

The Hindu calendar is basically a lunar calendar and is 
based on the cycles of the Moon. In a purely lunar 
calendar - like the Islamic calendar - months move 
forward by about 11 days every solar year. But the Hindu 
calendar, which is actually luni-solar, tries to fit together 
the cycle of lunar months and the solar year in a single 
framework, by adding adhik-maas every 2-3 years. The 
concept of Adhik-Maas is unique to the traditional Hindu 
lunar calendars. For example, in 2012 calendar, there 
were 13 months with an Adhik-Maas falling between 
August 18" and September 16". 


The Hindu Calendar still shifts slowly with respect to 
seasons due to the precession of the Earth's axis. As a 
result Uttrayan (Makar-Sankranti or Pongal, marking the 
day of the year when Sun starts moving towards Uttar 
(North) which is usually celebrated around January 14", 
actually falls on 22" of December as it is on this date 
that the Sun is at the southernmost point, as seen from 
Earth. If it continued in the same way, after about 11,000 
years, Pongal will occur in June, Diwali will then be 
celebrated around April and Sawan-Bhadon will no 
longer imply torrential rains. 


Added to all this is the slowing down of the Earth's 
rotation due to tides, and the recession of the Moon from 
Earth. Extrapolated backwards, Earth's day length was 
perhaps very short (5-6 hours!) during its first billion 
years, and in a distant future the day will become much 
longer (if everything else remained the same, it could 
become a month long). Moon was much nearer, with 
many more days in a lunar month. Eventually the day and 
night cycle should stop with one side of Earth always 
facing Sun and the opposite side of Earth in a perpetual 
dark, with no further need of any calendar. 


Three natural clocks: 
From almost the dawn of civilization, man noticed that 


many phenomena in nature were repetitive. The most 
basic cycle was the alternation of day and night. This is 
due to our most basic natural clock, viz. the rotation of 
the Earth, causing the rising and setting of the Sun, 
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giving rise to alternative periods of light and darkness. 
All human and animal life has evolved accordingly, 
keeping awake during the day-light but sleeping through 
the dark nights. Even plants follow a daily rhythm. Of 
course some crafty beings have turned nocturnal to take 
advantage of the darkness, e.g., the beasts of prey, blood— 
sucker mosquitoes, thieves and burglars, and of course 
astronomers. 


The next natural clock in terms of importance is the 
revolution of the Earth around the Sun. Early humans 
noticed that over a certain period of time, the seasons 
changed, following a fixed pattern. Near the tropics - for 
instance, over most of India - the hot summer gives way 
to rain, which in turn is followed by a cool winter. 
Further away from the equator, there were four distinct 
seasons - spring, summer, autumn, winter. This period 
defined a year. 


The third clock is the revolution of the Moon around the 
Earth. The phases of the Moon were a curious 
phenomenon, which repeated over a period, called 
month. Though many religious and social customs 
became tied to the cycle of the seasons, but often their 
timings got fixed with respect to phases of the Moon. 


Unlike the day, month and the year, the week is a 
completely artificial unit of time. The week probably first 
came into existence when man began trading regularly, it 
perhaps marked the interval of working days followed by 
a holiday in repetitive manner. The week varied in length 
in different parts of the world. Some African tribes used a 
4 day week, the Central American week was 5 days long 
and the ancient Romans used 8 day intervals. Most 
societies eventually settled on a 7 day week. 


Different types of calendars: 

To keep track of the days, months and years, the need of 
a calendar arose. There are many different types of 
calendars in use. The calendar which we follow for most 
of our daily activities developed mostly in Europe. This 
so called Western or Gregorian calendar is purely solar — 
it ignores Moon completely and relates important days 
(for example, birth-days, festivals etc.) only to the time 
of the year. There is a widely used calendar which is 
purely lunar - the Islamic calendar. It ignores Sun 
completely. 


¢ 
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Figure 1: The Zodiac constellations 


The most common Indian calendar is luni-solar, taking 
both the Sun and Moon into account. It tries to fit 
together the cycle of lunar months and the solar year in a 
single framework. There are some calendars that appear 
to be synchronized to the motion of Venus, such as some 
of the ancient Egyptian calendars. 


Mismatch between different time units: 

The problem with designing an accurate calendar is that 
the three natural units of time - the day, the month and 
the year - are based on different movements - the Earth's 
rotation about its axis, the Moon's revolution around the 
Earth and the Earth's revolution around the Sun. Their 
periods are not integer multiples of each other. 


There is no convenient way to relate these three concepts 
of time. A solar year is about 365.25 days long, while a 
lunar month is about 29.53 days long. Twelve lunar 
months add up to 354 days and thus fall a little short of a 
year. On the other hand, thirteen lunar months are 18 
days more than those (365.25 days) in a year. 


More precisely the solar and the lunar years have gaps of 
11 days, 1 hour, 31 minutes and 12 seconds. As this gap 
accumulates every year, in three years it approximates to 
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one month. The Moon takes about 27.3 days to make one 
complete orbit around the Earth. The Earth orbits around 
the sun, equinox to equinox, once every 365.2422 days. 
The Earth and the Moon in 27.3 days have moved as a 
system about 1/12 of the ways around the sun. This 
means that from one full Moon to the next full Moon, the 
Moon must travel 2.2 extra days before it appears full. 
Thus to line up with the Earth and Sun to become a full 
Moon it takes 29.531 days. With 29.531 day per lunar 
months implies 354.372 days per lunar year. Thus we 
arrive at a difference of 10.87 days a year between a 
lunar year and a solar year of 365.2422 days per year. 


Sun’s path in Sky — Zodiac: 

As Earth moves around the Sun, as seen from Earth, the 
Sun changes its position with respect to the background 
stars. The path that Sun takes on the celestial sphere is 
called the Ecliptic. 


Of course we cannot directly observe which star the Sun 
is passing in front of, since we cannot see the stars when 
the Sun is shining. However, we can indirectly infer the 
position of the Sun by observing which stars on the 
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ecliptic are visible near the horizon just before Sunrise or 
just after Sunset. 


The familiar Zodiac constellations (Fig. 1) are just 
divisions of the ecliptic into twelve parts. There are a 
total of 88 constellations in the sky, but Sun’s path passes 
through only 12 of them, one for each month. Actually 
there are 13 of them in the Zodiac but one of them has 
somehow been ignored. In fact a better system could be 
with 13 months in a year, one for each of the 13 Zodiac 
constellations, each month four weeks long, and a leap 
day at the end of the year (two consecutive Sundays at 
the year end!). Then there would be no need of the 
Gregorian calendar as each day of the year will always 
fall on the same day of the week. Of course one would 
still need to track Moon’s phases over the year and the 
mismatch with the lunar calendar over the year, and in 
particular, the need for the adhik-maas in the Hindu 
calendar will still persist. 


Seasons: 

The celestial equator is inclined to the ecliptic by 23.5°. 
The points of intersections of these two circles on the 
celestial sphere are called the “Vernal Equinox” and the 
“Autumnal Equinox”. The Vernal Equinox is the point on 
the celestial sphere that the Sun passes through around 
22nd of March every year. 


The seasons arise because of the tilt of the Earth’s axis. 
As the Earth goes around the Sun, the Earth alternately 
tilts towards and away from the Sun. 


At the summer solstice (June 21), the northern 
hemisphere is tilted towards the Sun while at the winter 
solstice (December 22), it is the southern hemisphere that 
is tilted towards the Sun. Between the solstices fall the 
equinoxes, when the axis is not tilted with respect to the 
Sun. The vernal equinox is on March 22 and the 
autumnal equinox on September 23. 


A solar month is the time taken for the Sun to pass 
through one of the twelve segments of the Zodiac. The 
time when the Sun crosses from one segment to the next 
is called a Sankranti and marks the beginning of the solar 
month. 


Two well known Sankrantis are Makara Sankranti around 
January 14 and Mesh Sankranti on April 14. Mesha 
Sankranti marks the beginning of the new year in Assam, 
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Bengal, Kerala, Orissa, Punjab and Tamil Nadu - these 
states follow a purely solar calendar for fixing the length 
of the year. 


Why an adhikmaas (extra month)? 


As mentioned earlier, 12 lunar months add up to less than 
a full year whereas 13 lunar months are more than a year. 
To solve this problem, the Indian calendar defines a 
normal year to have 12 lunar months. Every few years, 
an extra lunar month is added to keep in step with the 
solar year. Adding 7 extra lunar months over a period of 
19 years gives a remarkably close approximation of 19 
solar years. But how exactly does the Indian luni-solar 
calendar work? How does one decide when to add the 
extra lunar months? 


Lunar months: 


The lunar months are defined with respect to the solar 
months — in fact, they have the same names as the solar 
months. 


The first lunar month of the year is Chaitra. In Andhra 
Pradesh, Karnataka, Maharashtra and Gujarat, Chaitra 
begins with the last Amavasya (new Moon) before 
Mesha Sankranti (April 14). In North India, the lunar 
month begins and ends with Purnima (full Moon). 


The next lunar month is Vaisakha, beginning with the 
first Amavasya during the solar month Vaisakha. 
Similarly each Amavasya falling between two Sankrantis 
marks the beginning of the lunar month. The lunar month 
inherits the same name as the solar month during which 
Amavasya falls. 
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‘ LUNAR YEAR ——* 
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Figure 2: Mismatch in the solar and lunar 
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In Fig. 2 the upper row denotes the solar months, with the 
vertical lines denoting Sankrantis. The lower row denotes 
lunar months, with vertical lines denoting Amavasyas. 


A solar month is normally 30 to 31 days in length 
whereas the lunar month is only 29.5 days long. Thus, as 
the year goes by, each lunar month starts a little earlier 
within the corresponding solar month. 


Eventually, an entire lunar month will lie within a solar 
month — in other words, there will be two Amavasyas 
between a pair of Sankrantis. In such a case we get an 
extra intercalated month, called an adhik-maas. 


gaiSakiid 

yeshtha 
| ashadha__| 

stavana 


phalquna 


Pvaisakra_ | 
‘vest | 
Fashadha| 
Sfavana 


ADHIKA BHADRAPADA J NIJA BHADRAPADA 


Figure 3: Matching the solar and lunar years by 
introducing an adhik-mass 


For instance, consider a year like the following when 
there are two Amavasyas within the solar month of 
Bhadrapada (Fig. 3). The first Amavasya begins an extra 
month called Adhika Bhadrapada while the second one 
begins the "real" month Nija Bhadrapada. 


A year with an adhikmaas occurs around 7 times in 19 
years. The adhikmaas could come at almost any time 
during the year, depending on which solar month 
happens to have a double Amavasya. 


Occasionally, a very peculiar situation occurs - a lunar 
month spans two Sankrantis. This, for example, is what 
happened in 1982-83. There was no Amavasya during the 
solar month Magha. As a result, the lunar month Magha 
was "lost" and became a kshayamaas. 


How can this happen? Isn't a lunar month always shorter 
than a solar month? 


It so happens that a solar month is normally 30 to 31 days 
long. However, since the Earth moves at varying speeds 


Volume -3, Issue-3, July 2013 


around the Sun, the Sun's apparent motion through the 
ecliptic is not uniform. If the Earth is moving 
exceptionally fast, the Sun may pass through a sign of the 
zodiac in less than a lunar month. 


Note that in 1982-83, there were two adhikmaas - 
Ashvina and Phalguna. This is always the case - a year 
with a kshayamaas will have two adhikmaas. 


A purely lunar calendar: 

The Islamic calendar consists of twelve lunar months, 
with no correction for the extra days in a solar year. As a 
result, the Islamic months move forward by about 11 
days every solar year. For instance, the month of Ramzan 
keeps shifting. It used to occur in mid-summer during the 
1980s but moved to mid-winter around 2000. It was in 
November in 2005 and is in September in 2010. 


Even in a luni-solar Calendar, festivals shift slowly with 
respect to the seasons. 


Precession of the Earth’s axis: 

The Earth's axis is not pointed at a constant spot in the 
sky. Instead, it describes a large circle in the sky around 
the ecliptic axis with a time period of ~ 25800 years. Due 
to this, the equinoxes shift westwards on the ecliptic by 
an amount 360/258 ~ 1.4° per century. 


To keep track of the cycle of the seasons accurately, we 
need to measure the time between corresponding 
equinoxes (or solstices). This is known as the tropical 
year which is 365.2422 days long. 


The tropical year is shorter than the true revolution 
period of the Earth of 365.2564 days. As a result, a 
calendar based on the Zodiac boundaries fixed on the sky 
will gradually begin to err with respect to the seasons - 
the "real" equinoxes and solstices will shift away from 
the original dates specified by the calendar. 


Shifting of the seasons: 

We see this in the two prominent Sankrantis — Makara 
Sankranti (Pongal - January 14) and Mesha Sankranti 
(Baisakhi - April 14). These two dates are supposed to 
denote the winter solstice and the vernal equinox 
respectively. However, since the time these dates were 
fixed, the equinoxes have shifted back by about 23 days 
due to precession. 
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Gradually the point corresponding to the 
vernal equinox shifts further and further 
back along the trajectory of the Earth. 
After about 11,000 years, Pongal will be 
in June and the Baisakhi will be in 
September. Diwali will then be 
celebrated around April. The summer 
will be in Marghshira-Posha while the 
winter will fall in Jyestha-Assada and the 
Holi will be celebrated around August. 
Sawan-Bhadon will no longer imply 
torrential rains. To avoid these ever 
increasing shifts, all Sankrantis and dates 
of the festivals need to be periodically 
moved backwards by a day about every 70 years (average 
life-span of a person!). Of course, to start with it will 
have to be a big backward shift of about 23 days. 


Unlike the Indian calendars, the Western calendar 
directly measures the tropical year. So the goal of the 
Western calendar is to keep the dates of the solstices and 
equinoxes fixed - the vernal equinox always falls on 
March 21-22 and the winter solstice always falls on 21- 
22"' December. The calendar is thus designed to ensure 
that it never shifts from these date. Then there is no shift 
of seasons with respect to the Western calendar due to 
precession of Earth’s axis. 


The slowing down of Earth rotation: 

However on timescales of thousands of years, the 
Gregorian calendar also falls behind the seasons 
drastically because the slowing down of the Earth's 
rotation . This makes each day slightly longer over time 
while the year maintains a more uniform duration. The 
equinox will occur earlier than now by a number of days 
approximately equal to (years into future / 5000)’. This is 
a problem that the Gregorian calendar shares with all 
other calendars. 


Moon keeps the same face turned toward the Earth at all 
times. This is the effect of the tides that might have been 
caused on the lunar surface due to the gravity of the 
Earth. Now Moon’s rotation period has become 
synchronized with its period of revolution around the 
Earth. Similar effect is slowing down the Earth too and 
the day is lengthening, and in a distant future the day will 
become much longer. 
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Figure 4: Tides caused by the Moon 


The gravitational force of the Moon raises a tidal bulge in 
the oceans on Earth. Because of friction there is a delay 
in Earth’s response, causing the tidal bulge to lead the 
Earth-Moon axis by a small angle (Fig. 4). The Moon 
exerts a torque on the tidal bulge that retards Earth’s 
rotation, thereby increasing the length of day. The torque 
that Earth’s tidal bulge exerts on the Moon leads to an 
acceleration of the Moon’s orbital motion, causing the 
Moon to recede from Earth at an average rate of about 2 
cm/year. Not infrequently, a leap second has to be added 
in the standard time keeping, based on atomic clocks, to 
keep in synchronism with the slowing down of Earth’s 
rotation(Fig. 5). 


Evidence for the slowing down of Earth’s rotation came 
from an apparent discrepancy between the paths of 
totality in eclipse of the Sun on Jan. 14, 484 A.D., as 
predicted theoretically and from the ancient Greek and 


Time suspended 
for a second 


Time will stand still throughout 
the world for one second at mid- 
night. June 30. All radio time 
Signals will insert a “leap second” 
to bring Greenwich Mean Time into 
line with the earth's loss of three 
thousandths of w second a dav. 

The signal from the Royal Green- 
wich Observatory to Broadcasting 
House at midnight GMT (1 am 
BST July 1) will be six short pips 
marking the seconds 55 to 60 inclu- 
sive, followed by a lengthened sig- 
nal at the following second to mark 
the new minute, 


THE TIMES 
Wednesday 
June 21 1972 


Figure 5: A leap second makes a news 
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Figure 6: The predicted and actual paths of totality of the solar 


eclipse of Jan. 14, 484 A.D. 


Roman records (Fig. 6). The Earth had to be rotating 
faster in past to match the two results. The angular speed 
change being proportional to time, the angular correction 
is proportional to square of the elapsed time, which turns 
out to be ~30° for a period of about 1500 years, 
explaining the discrepancy quite neatly. 


Other historical evidence: 

This slowing down mechanism has been working for 4.5 
billion years, since oceans first formed on the Earth. 
There is geological and paleontological evidence that the 
Earth rotated faster and that the Moon was closer to the 
Earth in the remote past. Tidal rhythmites are alternating 
layers of sand and silt laid down offshore from estuaries 
having great tidal flows. Daily, monthly and seasonal 
cycles can be found in the deposits. This geological 
record is consistent with these conditions 620 million 
years ago: the day was 21.9+0.4 hours and there were 
400+7 solar days/year. 


Extrapolated backwards, the day was much shorter 
(perhaps 5-6 hours long only!) during its first billion 
years (Was that called “Satyug — the golden era” with the 
school/office timings lasting only a couple of hours 
including the lunch and tea breaks — though we humans 
were not there to enjoy these benefits!). 
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The future: 

We have leap second once or twice a year (on 
30" June or 31% December). The year is 
already about a second longer since 1920s, 
when it was first realized that the universe 
extended even beyond our Milky Way galaxy 
and Hubble discovered the expansion of the 
universe. The day loses a second every 
40,000 years. It may not seem much, but 
when linearly extrapolated it becomes 
substantial. The slowing rotation of the Earth 
results in a longer day as well as a longer 


mechanism will cease. That's been projected 
to happen once the day and month both equal 
about 47 (current) days, billions of years in 
the future, with no need of any lunar 
calendars then. If the Earth and Moon still 
exist, the Moon's distance will have increased 
to about 1.35 times its current value. (It may result in 
long working hours but then monthly salaries would be 
getting distributed every evening!!). Tides due to Sun 
will be still there and eventually the rotation period of 
Earth should become equal to its revolution period 
around the Sun, and the day and night cycle having 
ceased, with one side of Earth always facing the Sun and 
the opposite side of Earth in a perpetual dark, then there 
would be no need of a solar calendar too. 


Further Reading: 

1. Misner, C. W., Thorne, K. S. & Wheeler, J. A., 
Gravitation, Freeman, San Franscisco (1973) 

. Mukhopadhyay, U., Resonance, (April, 2003), 44. 

. Williams, G. E., Reviews of Geophysics, (2000), 38,1 

. http://www.hinduism.co.za/adhik.htm 

. http://www.futurepointindia.com/articles/research- 
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Crater Detection Algorithm (CDA) — A Tool to 


Explore the Planetary bodies 


Impacts and cratering on solar system objects is a 
fundamental and continuing process. Recognizing and 
distinguishing impact craters is a difficult task even for 
expert observers, because of their varied sizes and vast 
presence. Identifying and analyzing impact craters 
individually is a time consuming and extremely difficult 
job, though, interestingly they are the dominant feature 
on the surface of planetary bodies (Mars, Mercury), 
satellites (Moon, Phobos) and even asteroids (Eros, 
Vesta). This dominating nature acts as a gateway, 
through which the planetary body can be explored. What 
can be inferred from craters? They can tell us a lot about 
what’s going on a planetary surface. 


Need for the CDA: 

The importance of crater detection on planetary bodies 
relay on their detailed morphological analysis that the 
algorithm can bring forth. The deployed crater detection 
algorithm should be capable of retrieving relevant 
information from each crater along with their detection. 


Lf ae 


Figure 1: (Left) Chandrayaan-1 image of Moon showing 
craters, rilles and rugged lunar surface. (Right) Mars 
surface features from MRO satellite. 
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If so, the need for such automatic algorithm is fulfilled. 
Initially, the CDA was only developed to detect the 
crater, but the advancement in computing technology and 
algorithm development, allow the extraction of relevant 
information from each crater. But, the complexity in 
planetary surface posses a great challenge to such 
algorithms because of their heterogeneous nature in the 
surface as seen in Fig.1. 

The information obtained from previous CDA are like 
number of craters automatically detected (Bue and 
Stepnski 2007, Salamuniccar et al 2011) and their 
relative count for age estimation (Sawabe et al 2006). 
The absolute ages derived from the radiometric dating of 
Apollo samples are used as a base source to estimate the 
age from crater counting. Crater chronology depicts that 
the surface that has certain number of craters of certain 
size will inform about the surface age. In general, it is 
defined as, older the surface it holds more number of 
craters and younger surface holds relatively less number 
of craters. This condition is handled carefully, because 
the presence of secondary craters will have a great 
influence in the estimation of surface age. Thus, one of 
the main tasks of CDA’s is to generate catalogues of 
craters for age dating. 


But this is not the only task for which the CDA was 
deployed. Besides this, the current algorithms are more 
focused to extract crater characteristics and _ their 
contextual information. The former one includes the 
crater diameter, depth, type, etc., whereas the later one 
depicts about the presence/absence of ejecta, their aerial 
extent, etc. These will explain about the crater process 
and depicts about the surface on which they are formed. 
Moreover, the current CDA’s are proceeding towards 
utilizing the hyperspectral images in addition to the 
detected crater to spectrally classify them. 


Due to the voluminous data available on planetary 
bodies, the need for the automatic algorithm is inevitable. 
Salamuniccar et al (2011) lists the currently available ~83 
crater detection algorithms and few of those CDA’s are 
listed in Table 1. Most of the developed algorithms are 
DTM-based, and are predominantly available for Martian 
surface. From the data source point of view, two types of 
algorithm were available, they are image-based (most 
often panchromatic) and elevation-based (DEM/DTM). 
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Table 1. Some of the existing CDA 


Satellite 
instrument/ 
Pl 
gee Technique Reference 
Image body 
(Pan/DTM) 
Apollo and Moon |Multiple Sawabe et al 
Clementine/ approaches (2006) 
Pan 
MOC/ Pan Mars |Template Bandeira et al 
matching (2007) 
technique 
MOLA/DTM| Mars _ /|Unsupervised |Bue and 
learning Stepinski 
(2007) 
HRSA/ Mars |Shapeand  |Bandeira et al 
Texture (2012) 
Pan based 
LOLA, Moon/ |Crater shape |Salamuniccar 
MOLA/ DTM based et al (2012) 
Weis learning 


However, some of the algorithm utilizes both dataset to 
detect craters. The detection process will differ for 
panchromatic and DEM/DTM based images. In this 
article, the image- and DTM-based approaches are 
discussed using the planetary images. In addition, 
extensions of such algorithms to asteroids are also 
discussed. 


Image-based algorithm: 

In panchromatic images, the craters are easily 
distinguishable by their occurrence of shadow-bright 
pair. The first step in panchromatic image based CDA is 

to identify and discriminate the bright and shadow parts 
of the crater. The threshold technique is the widely used 
approach to discriminate crater parts in most of the 
detection algorithms. In accordance, the image-based 
approach uses techniques like gradient and texture 
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analysis, Haar transform, pattern recognition, etc for 
further processing. The CDA detection process includes 
an edge detection filter, binarization and circular pattern 
detection using hough transform. 

Fig. 2 shows the CDA applied to the lunar and Mars 
images. In the Lunar images, along with the crater 
detection the CDA is also capable to detect the 
overlaying craters. Earlier crater detection works were 
carried out for larger diameter craters, but advancements 
in planetary imagery resolutions leads to detect even sub 
kilometer craters. Urbach and Stepinski (2009) CDA 
capable to detect Mars sub-km crater based on the pairing 
crescent like highlight and shadow regions. The scale and 
rotation-invariant shape filters were used to identify the 
pair along with the use of power and area filters. 
Mathematical morphological principle (minimum 
distance technique) is used to match the pair and form the 
crater candidate. 


Figure 2: Panchromatic image based CDA (Top) Moon, 
taken from Sawabe et al. (2006) and (Bottom) Mars, 
taken from Martins et al (2009). The detected craters are 
bounded by a circle/box. 
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Figure 3: (Left) Depression detected on the topographic image, (Right) distinguished craters are separated from 


local depressions. (Source: Stepinski et al., 2012) 


Subsequently, supervised machine learning and decision 
tree algorithm were used to distinguish the crater regions. 
The algorithm achieved a detection rate of ~70% and this 
was intently made to detect only sub kilometer craters 
because of their larger presence. The image based crater 
detection algorithm is widely dependent on the 
illumination and view angle. The low illumination angle 
will create a large shadow and have a severe effect on the 
crater under study. But, current algorithms are invariant 
to scale and rotation, thereby they are capable to detect 
craters irrespective of Sun angle, until otherwise it is not 
a low angle image. 


DTM-based algorithm: 

In general, the simplest way to distinguish and detect 
craters from the DTM images is by their depression. The 
crater depression will create a darker tone in the DTM 
image, whereas the elevated rim represents a brighter 
tone. The DTM-based approach utilizes crater 
depression, fill sink techniques, etc to detect the craters. 
But, not all the depressions are craters. This make the 
detection process complex, these non-crater depression 
are caused by 1) undulating topography, 2) rilles, etc. 


Due to the rugged topography and bombardments from 
small impacts the planetary surface is predominant with 
small depressions. The DTM-based CDA carry out a 
smoothing process during the crater detection process to 
remove the small depression. Using the flooding 


algorithm, all the depressions are filled up and these 
filled regions are easily demarcated using thresholding to 
produce binary images. With the use of morphological 
closing and thinning operation, the crater candidature can 
be narrowed down. Finally, each crater was extracted by 


applying the hough transform. Fig. 3 shows the Mars 
topography data obtained from MOLA. The figure on the 
left shows the detected depression on the topography 
data, whereas the figure on the right shows the delineated 
craters. This clearly depicts that all the depressions are 
not craters. The local depression is one of the major 
hindrances in the automation process. Delineating such 
local depression will greatly improve the detection 
process and also helps to estimate a better surface age. 


Though the crater detection was carried out 
automatically, the extension of detection to the planetary 
surface age estimation is still under anvil. The age 
estimation is widely carried out manually by counting the 
craters. Now-a-days the detection process was checked 
not only for their efficiency but also for their reliability in 
detecting craters. The Receiver Operator characteristics 
(ROC) curves are used to statistically quantify the 
detected craters for their authentication. Such statistical 
measure greatly improves the reliability on detected 
craters. And this has made way to directly estimate the 
age from the detected craters. 


Crater detection on Satellites and Asteroid: 

The crater detection algorithm is not only developed to 
analyze the planetary images, rather it is also developed 
for asteroid and other small bodies to carry out the 
landing mission. A visual positioning system by Leroy et 
al (2001) used to explore asteroids, with autonomous 
spacecraft landing. The detection of surface feature or 
crater in the asteroid will be utilized to precisely position 
the spacecraft with regard to the asteroid, and chooses a 
landing site. Fig. 4 shows the crater detection carried out 
on the Eros asteroid, similarly for the Mars moon Phobos 
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also. Though the current crater detection algorithm was 
extended to these small bodies successfully, some solar 
system objects have created difficulty in the detection 
process because of their complex shape. These 
preliminary CDA analyses on such small bodies are 
carried out in view of future safe landing on such bodies. 
Similarly, there is a current initiative to investigate 
Vesta’s surface history through craters. The extent of 
CDA to other small bodies in the solar system is to 
understand the distribution and formation of craters on 
such bodies. Especially, the asteroid belt is a very 
different place in the solar system, which is dominated by 
number of features of all sizes and shapes. One among 
the largest body on the asteroid belt is Vesta. CDA was 
carried out to understand their distribution pattern. 
Moreover, Vesta also has pit chains on its surface that 
look very similar to crater chains on Moon. Study on 
crater distribution may reveal a different cratering history 
for Vesta when compared to other planetary bodies. 


Open source CDA: 

The first global Martian crater database was created by 
Barlow for craters >5 km. The recently developed crater 
detection algorithm for the Martian surface can be found 
at http://craters.sjrdesign.net/, This CDA developed by 
Robbins, S.J, is capable to detect craters from 1 to 512 
km, and one of the simplest uses of it is to age-date the 


Phobos 


Figure 4: Crater detection algorithm carried out for (Top 
Left) Eros asteroid (Top Right) Mars satellite Phobos and 
(Bottom and Inset) Vesta asteroid. (Image Source: NASA/ 
JPL) 
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features. This CDA has completed the first global Mars 
crater data base by detecting ~384,343 craters. For the 
detection purpose the THEMIS Daytime IR mosaics at 
232 m/pix and 100 m/pix scales are used. In addition to 
this, it also uses the MOLA gridded data at 463 m/pix to 
extract the elevation details. This algorithm is an open 
source, the users can query their interested location and 
crater size, and in return the CDA gives approximately 
90 different columns of possible information for each 
crater. Similarly, there are many algorithms as listed in 
Table 1, which have their own technique to detect the 
craters. These kinds of algorithms reduce the manual 
involvements and fetch the required information from the 
planetary images in an efficient manner. 


Along with this CDA the other open source 
automatic/manual crater detection tools available for 
scientific exploration are, 1) ImageJ used to extract 
features from images, it can be customized to detect 


craters (http://rsbweb.nih.gov/ij/index.html), 2) Program 
for plotting crater counts and to estimate the surface age 


(http://hrscview.fu-berlin.de/software.html), 3) Crater 
tools (http://webgis.wr.usgs.gov/pigwad/tutorials/scripts/) 


Most of the crater detection algorithms are developed for 
regional or global studies. The CDA developed for 
regional studies utilizes high resolution images and 
capable to detect even meter-scale craters. On the other 
hand, the CDA developed for global studies uses coarse 
resolution images and are capable to detect larger craters. 
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Rendezvous with a star using NanoSIMS 


When our Solar system formed by the gravitational 
collapse of a molecular cloud around 4.567 billion years 
ago, some pristine matter from the stars which lived and 
died before the solar system formed, got incorporated - 
into molecular cloud and remained unaltered by being 
preserved in some interplanetary dust particles (IDPs) 
and also in the matrix of primitive meteorites, which 
sometimes reach the earth when their paths cross the 
earth’s orbit. This material which is observed in the 
form of grains and had its formation before the birth of 
our Solar System, is also referred to as “Presolar 
Grains”. 


The formation and evolution of our solar system took 
place with the collapse of a molecular cloud that 
underwent a homogenization inferno which thoroughly - 
its constituents and produced a _ single 
homogeneous isotopic composition. The Presolar grains 
survived this homogenization and retained their pristine 
nature, and show highly anomalous isotopic composition 
which cannot be explained by known processes such as 
radioactive decay and mass-dependent fractionation. This 
unexplained isotopic composition implies their origin 
took place elsewhere. 


mixed 


The study of these exotic grains provides a gateway to 
understand the processes occurring in the stars twinkling 
in the sky. To unravel the mysteries of the stellar interiors 
we employ the technique of Secondary Ion Mass 
Spectrometer (SIMS), which involves bombarding these 
tiny grains (dimension ~ nm to pm) under high vacuum 
conditions (P ~ 10°” torr) with a focused primary ion 
beam. The interaction of the energetic primary ions with 
the sample surface (Fig.1) ("sputtering") has three major 
effects: (1) It leads to a mixing of the upper layers of the 
sample, resulting in an amorphization of the surface; (2) 
atoms from the primary ion beam are implanted in the 
sample and (3) some secondary particles (atoms and 
small molecules) are ejected from sample. Among the 
ejected particles are electrically neutral, as well as 
positively and negatively charged species. Charged 
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particles of one polarity ("secondary ions") can then be 
extracted from the sputtering area with the help of an 
electrical field between the sample and an extraction 
lens. Secondary ions beam is shaped and focused using 
electromagnetic lenses, energy resolved by an energy 
analyzer and after passing via a magnet that separates 


lon Gun 


S. Primary lon Beam 
“hs 


Secondary lons 


implanted Primary 
Bear loos 


BH 


Figure 1: Primary beam Interaction with sample 

Source: http://www.geos.ed.ac.uk/facilities/ionprobe 
ions on the basis of their mass/charge ratio, they are 
collected onto detectors which record the counts of ions. 
Physical Research Laboratory, Ahmedabad is equipped 
with two _ state-of-the-art Secondary Jon Mass 
Spectrometers, viz. Cameca IMS-4f (Fig.2) and Cameca 
NanoSIMS 50. The essential components of a secondary 
ion mass spectrometer include: primary ion source, 
secondary ion extraction, secondary ion transfer, ion 
energy analyzer, magnet and its field regulation, 
secondary ion detectors, vacuum system. The following 
schematic diagram shows the major components of a 
secondary ion mass spectrometer. 


Primary ion sources: 

The instrument is equipped with two _ sources, 
Duoplasmatron and a Cesium source. The choice of 
primary ion source is determined by the nature of the 
secondary ions to be analysed, for positive secondary 
ions a negative primary ion source is used whereas for 
negative secondary ions a positive primary ion source is 
required. 
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Figure 2: Schematic of CAMECA IMS-4F Source: http://www.geos.ed.ac.uk/facilities/ionprobe 


Oxygen gas is commonly used for analysis of 
electropositive elements such as Al, Si, REE etc. The 
Duoplasmatron produces the ions of O°", O7,0°,O*", out 
of which O is chosen out by mechanical centering of 
intermediate electrode with respect to the anode, for the 
analysis of electropositive elements and O*" for analysis 
of electronegative elements. 

Cs ion beams are used to enhance the yield of 
electronegative elements such as C, O, and S etc. within 
the target. The Cs gun can only operate in positive mode. 
In general Cs beams can be focused to smaller spot size 
than those generated by the Duoplasmatron, and sputter 
material more effectively because of their greater mass. 


Primary Ion Column: 

The primary ions generated by the ion source are 
accelerated to the sample via the primary column. A 
typical column consists of a mass filter, apertures, lenses 
and deflection plates. Their function is to filter, focus, 
shape, position and raster the primary beam. The primary 
beam mass filter eliminates any impurities in the gas or 
generated in the ion source. In the case of the 


Duoplasmatron the filter removes impurities OH, N, Fe 
and Ni. Without the mass filter these and other 
components would be implanted into the sample surface. 
With the mass filter only oxygen ions(O) are allowed to 
bombard the sample. 


The electrostatic lenses and apertures control the 
intensity and shape of the primary beam. Several sizes of 
aperture are available and are selected depending on the 
beam size required. Their position may be adjusted so 
that the primary beam passes through the centre of the 
electrostatic lens. The deflectors either steer the primary 
beam through the centre of the lenses, shape the beam, 
position the beam, or raster the beam at a high frequency, 
thus producing an even beam density over a large area. 


Secondary Ion Extraction: 

Secondary ions are formed at the sample surface by the 
bombardment of the primary beam. These secondary ions 
are immediately removed by an extraction lens which is 
grounded with respect to the sample at a high potential 
(of opposite polarity to secondary ion polarity). 
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In order to obtain a constant secondary ion beam current, 
the potential difference between the sample and the 
extraction (immersion) lens, must be kept constant. With 
a non conducting sample this is partially achieved by 
coating the surface with a thin layer (<0.02 tm) of gold 
or carbon. Under these conditions potential difference 
between sample and extraction lens can be kept constant, 
and any charge build-up may leak away via the gold coat 
to the ground. 


Secondary Ion Transfer: 

After the secondary ions have been extracted from the 
sample surface by the extraction lens they are transferred 
by a second electrostatic transfer lens into the mass 
spectrometer which is a double focusing spectrometer 
consisting of a).Energy Analyser b).Mass Analyser. 


Ion Energy Analyser: 

Secondary ions generated during the sputtering process 
have an energy dispersion of the order of ~ 100 eV. As 
these secondary ions pass through the electrostatic 
energy analyser which consists of an inner and outer 
circular electrode surfaces having voltages of opposite 
polarity, the lower energy ions are more strongly 
deflected than the high energy ions. An adjustable slit 
placed after the energy analyser can select a small portion 
of the dispersed secondary ions and allow them to pass 
into the magnetic analyser. This step is essential for 
precise focusing of ion beam. 


As a consequence of the sputtering process, molecular 
species are abundant at low energies, while the mono- 
atomic species dominate the higher energy spectrum. By 
moving the energy slit so that only the higher energy ions 
are accepted, the molecular and often unwanted species 
can be suppressed. An electrostatic spectrometer lens is 
placed after the slit, between the energy analyser and the 
magnetic analyser. It is an electrostatic lens that aligns 
the energy filtered ion beam into the magnetic analyser. 


Magnetic Analyser: 

As an ion beam passes through a magnetic field, the ions 
are acted on by a force at right angles to both the 
direction of motion of the ion and to the direction of the 
magnetic field. In the magnetic analyser, the magnetic 
field is vertical. The magnitude of the magnetic field 
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required to deflect the ion species is given by the 


equation: 
m Br? 
q wW 


m/q = Mass to charge ratio (Kg and C). 

B = Strength of the magnetic field (Wb/m’). 
V = The Accelerating voltage (V). 

r = Radius of curvature of the ions (m) 


The strength of the magnetic field is measured by a 
semiconductor device; the Hall probe. This is located in 
the magnetic flux and regulates the current flowing in the 
coils of the electromagnet to maintain constancy in 
magnetic field. 


Secondary Ion Detectors: 

Most modern mass spectrometers have more than one 
detector. The PRL Cameca ims-4f has four secondary ion 
detectors; an electron multiplier, a Faraday cup, an image 
plate and a resistive anode encoder. In this instrument, 
only one detector can be used at any time. The PRL 
NanoSIMS is equipped with 5 electron multipliers and 1 
faraday cup, which can be used simultaneously to give 
higher precision and rapid acquisition. 


Pressure status: 

An essential requirement for the operation and analysis is 
that the instrument is kept under Ultra High Vacuum 
(UHV). The vacuum is achieved and maintained by a 
variety of pumps: Rotary, Turbo molecular, and Ion 
pumps. The condition of the vacuum in the spectrometer 
is continuously monitored by a variety of vacuum 
gauges. 


The vacuum in the analysis chamber can get down to 
5x10"° Torr. Under these vacuum conditions the 
probability of a secondary ion hitting a gas molecule 
within the instrument is almost zero and _ travels 
unimpeded to the detectors. 


In comparison with other SIMS instruments, such as 
Cameca IMS-4f, the NanoSIMS 50 has a significantly 
higher spatial resolution (<50nm for Cs’ primary ions 
and ~ 200nm for O' primary ions), such fine probe sizes 
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can help in the analysis of particle sizes down to a few 
hundred nm, which is a requisite for studying presolar 
grains whose dimensions vary between nm-pm range. An 
improved spatial resolution in NanoSIMS results from 
the design of the ion optics in which the trajectories of 
the secondary ions are antiparallel to those of the primary 
ions, permitting the focusing lens for primary ions to be 
placed close to the sample surface which reduces ion 
optical aberrations considerably. In addition, its 
multicollection ability aids in faster and simultaneous 
acquisition of ion counts with very high precision. Thus 
NanoSIMS offers the best viable technique to study these 
presolar grains. 


Carbon stars 


Number 


Murchison silicon carbide 
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identified to date, have originated in the winds or ejecta 
of stars that lived and died before the solar system 
formed, some of these include SiC, Si3N,, Graphite etc,,. 
The NanoSIMS technique is used to determine the 
isotopic composition of these grains. 


The isotopic ratios provide clues to the source of the 
grain, which could have condensed from the ejecta of a 
type II super novae, an AGB star or a red giant, etc. The 
identity of a presolar grain’s progenitor (parent star) is 
obtained by comparison of spectra obtained using 
NanoSIMS with the spectra of stellar envelopes obtained 
by astronomical observation (refer Fig.3), thus giving us 


100 
2c, 30 


Figure 3: Image showing the spectra from silicon carbide and from AGB stars, both show good resemblance 
indicating AGB stars as progenitors for silicon carbide grains. Source: Cosmochemistry, Harry Y.Mcsween Jr. and 


Gary R.Huss. 


Application of NanoSIMS Presolar Grains , A 
Window to understanding of stellar evolution and 
nucleosynthesis 

The spectral observation of stellar atmospheres by 
telescopes sheds light on its elemental abundances. The 
association of laboratory studies on presolar grains to 
these observations will provide the isotopic composition 
of elements and further the understanding of stellar 
processes to a greater extent and aid in improving the 
theory of stellar evolution and nucleosynthesis. 


Presolar grains provide probes of processes in interstellar 
space and in the solar nebula. Variety of presolar grains 


qualitative and quantitative information regarding 
nucleosynthesis and conditions of grain condensation, 
stars that contributed to the molecular cloud of gas and 


dust, and the survival of the dust in the ISM. 


Further Reading: 
1. Cosmochemistry, Harry Y.Mcsween Jr. and Gary 
R.Huss 
2. Secondary Ion Mass Spectrometry, 
A.Benninghoven. 
Sameer 
Physical Research Laboratory 
Ahmedabad 


E-Mail: sameer@prl.res.in 
Contact: +91-(0)79-2631 4327 
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Jupiter is the largest planet of our solar system and five 
times farther from the Sun than Earth is. Jupiter is 
composed of hydrogen and helium that resembles mostly to 
the composition of a star. Jupiter with its four large moons 
and many small moons together manifests itself as a 
miniature solar system. It is believed that Jupiter holds onto 
its original composition since its formation and thereby 
studying this giant planet will help us to trace the history of 
solar system. Further, a detailed exploration of this planet 
will improve our understanding about the formation and 
evolution of the earth and might also reveal the secrets of 
the basic foundation of the biological life in our solar 
system. NASA’s mission JUNO can probably decipher the 
secrets of this giant planet. 


Mission Profile: 


Juno is the first solar powered rotating spacecraft (with 
three solar panels) designed to understand the beginning of 
the solar system by studying the origin and evolution of 
Jupiter. Launched on August 5, 2011, JUNO is presently 
on its way to the Jupiter. It is expected to reach Jupiter by 
July 2016 and the spacecraft will orbit the planet for about 
33 times in one year. Juno carries eight scientific 
instruments to explore the secrets of this giant planet - its 
origin and interiors, atmosphere and magnetosphere. 


Payloads: 


(a Jovian Auroral 
Distributions 
Experiment (JADE) 


Gravity Science 
gravity/radio science system) 
and MAG (a __ vector 
magnetometer) are the two 
payloads designed to map 
the planet’s gravity and 
magnetic fields to study 
Jupiter's interior structure 
and to measure the mass of 
its core. 
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MWR is a six-wavelength 
microwave radiometer 
carried for atmospheric 
sounding and composition 
studies. This payload will 
probe the deep atmosphere 
of the planet and measure the 
amount of water (and 
therefore oxygen) in the 
planet’s atmosphere. It is 
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JUNO spacecraft and its various Payloads 
(Image Courtesy: NASA/Universetoday.com/Wikimedia) 


believed that the intense magnetic field around the planet is 
due to the electrically conducting metallic hydrogen in the 
planet’s atmosphere. 


JADE (Jovial Auroral Distributions Experiment) and JEDI 
(Jupiter Energetic-particle Detector Instrument) are the 
plasma and energetic particle detectors along with Waves, 
which is a radio/plasma wave experiment and will study 
how this magnetic field is connected to the planet’s 
atmosphere. This is especially done by exploring the 
auroras through direct sampling of the charged particles, 
electric fields and plasma waves around the Jupiter for the 
first time. 


UVS (Ultraviolet Spectrograph) and JIRAM (Jovian 
Infrared Aurora Mapper) uses an _ ultraviolet 
imager/spectrometer and an infrared imager/spectrometer 
respectively to capture the images of atmosphere and 
auroras in the infrared and ultraviolet wavelengths. The aim 
is to study the chemical fingerprints of the gases in the 
atmosphere and for further understanding of this high 
energetic aurora phenomenon. 


JunoCam is the color camera carried by the mission to 
provide striking close-up color images throughout its 
journey, which includes the first detailed glimpse of the 
planet’s poles. 
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PSLV-C22/IRNSS-1A to be launched on 1 July 2013 
India's first dedicated satellite for navigation, IRNSS-1A 
is scheduled to be launched by PSLV-C22 on 1 July 
2013 from SDSC-SHAR, Sriharikota. This would be 
PSLV's 24th flight in which an 'XL' version of the launch 
vehicle will be utilised. 


NASA's IRIS launched 


NASA Small Explorer Mission ‘Interface Region 


Imaging Spectrograph (IRIS)' was launched on 27 Jun 
2013. This satellite aims at understanding how the Sun's 
atmosphere is energised. 


First global topographic map of Titan created 

The first global topographic map of Saturn's moon Titan 
was created by implementing a mathematical process 
called splining on the data obtained from CASSINI 
spacecraft. Titan, the second largest moon in the solar 
system with a radius of 2,574 kms possesses many 
interesting Earthlike features/processes. The topographic 
map will help researchers to have a 3D perspective of 
Titan. 


Voyager to reach interstellar space 

Voyager, which is presently at a distance of 18 billion 
kilometres from the sun will soon leave the heliosphere 
to reach interstellar space. Voyager will also be the first 
man-made object to endeavor into the interstellar region. 


Evidence of Meteor collisions with rings of Saturn 
Cassini observations have provided a direct evidence of 
small meteoroids impacting on to the rings of Saturn. 
Studying impact rates of these meteoroids will provide a 
clue to understand the formation of different planet 
systems in our solar system. The impacting meteoroids 
were estimated to be comparable in size with the one 
recently plunged over Russia. 


Curiosity finishes second drilling task 

Mars rover, Curiosity, has successfully completed its 
second drilling task at "Cumberland" lying 2.75 meters 
west of the first drilling site. The sample was delivered to 
rover instruments for further analysis intending to 
confirm the results of the first drill sample analyses. On 
the other hand mission engineers have finished up- 
gradation of operating software of the rover after a four- 
week break. 


Mars Rover prepares trek for a new destination 

After investigating for six months at "Glenelag" its 
present working site, Curiosity now prepares itself for a 
longer trek to reach its new destination situated nearly 8 
kms away at the base of Mount Sharp. Curiosity has to 
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drive southwest for many months, probably carrying out 
some investigations during its cruise till it reaches Mount 
Sharp. Analysis at Mount sharp may provide evidence of 
alteration and evolution of ancient Martian environment. 


4 years of LRO in orbit round the Moon 

LRO has completed its fourth year on 18 June 2013 
orbiting round the Moon. During its four year journey of 
over 200 million kilometres in lunar orbit, various 
instruments onboard LRO have provided a lot of 
interesting and surprising observations. 


Kepler enters Point Rest State (PRS) 

Kepler mission, hunting for habitable planet candidates, 
has entered into Point Rest State (PRS) after 
encountering multiple safe modes during the month of 
May 2013 due to a reaction wheel problem. After the 
second reaction wheel failure, PRS state was developed 
and implemented to preserve fuel for recovery effort, if 
needed. In this state the space craft uses its thrusters for 
pointing. 


Opportunity resumes work after ‘solar conjunction’ 
Mars rover twin 'Opportunity' resumes its normal work 
on the red planet after exiting the standby auto mode. 
Opportunity entered standby mode during minimised 
communication ‘solar conjunction’ phase in May when 
Mars passed behind the sun. It was more than nine years 
since Opportunity began its work on Mars. 


NGIMS integrated to MAVEN 

The final instrument NGIMS (Neutral Gas and Ion Mass 
Spectrometer) has been successfully integrated to 
MAVEN spacecraft. NGIMS is meant to measure Mars' 
upper atmosphere composition. MAVEN is scheduled to 
be launched on 18 Nov. 2013. 


14th PDS of LRO Camera released 

The 14th Planetary Data System (PDS) of LRO Camera 
images has been released recently. This release contains 
images obtained between 16 Dec. 2012 to 15 Mar. 2013, 
a volume of 7.79 TB including 70,815 EDR and CDR 
images each. 


2000th orbit around Mercury accomplished 

Operating in its extended mission, MESSENGER has 
started its 2000th orbit around Mercury on 22 May. 
2013. MESSENGER passed through a ‘solar conjunction’ 
phase from 6 May - 14 May 2013 when the spacecraft 
was on far side of the Sun from Earth which also gave it 
an opportunity to measure the characteristics of solar 
magnetic field. 
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> VIRTUAL WORKSHOP ON LUNAR VOLATILES 


Despite a well known ~50 years old phenomenon of solar wind-induced hydroxylation, a myth that always-engulfed 
lunar science many years was that it is "Bone Dry". Based on data from the Clementine, Lunar Prospector, and 
Chandrayaan-1 orbital missions, although it was indirectly realized that there is water on the surface of the Moon. 
Surprising was the lack of characteristic signature of any water bearing (either as OH ions or as HO) mineral in 
Apollo rocks which had perplexed cosmochemists. Nevertheless, soon after the technological boom in analytical 
developments, some of the stalwart researchers, from their upright-head breaking attempts erased this disbelief of 
desert-like Moon concept, and showed that Moon has at least some water in it. They justified it by their prudent 
analysis of lunar volcanic glass beads and mineral apatite in Apollo samples and showed conclusively that at least 
some water is present. Such a path-breaking discovery was a revelation for researchers across the globe, and then 
what, a series of discoveries followed it and through remote sensing, laboratory analysis, and modeling and numerical 
approaches, the presence of "water on Moon" to "Moon is wet" is burgeoned. Now, while realizing this fact that 
Moon has definitely some water in it, it is imperative to grip on its Origin, Sequestration, preparations for 
experiments, and plan for future missions for exploring the prospects for in situ resource utilization. Moving ahead 
with this as the prime focus, NASA Lunar Science Institute (NLSI) conducted a virtual meeting/workshop to present 
and discuss the latest research regarding volatiles on the Moon. The workshop took place over three half-day 
intervals from 20:00 p.m. - 01:30 a.m. (IST) on 

May 21-23, 2013 and the medium was 

AdobeConnect, through which presentations and 

discussions were live streamed to attendees 

across the globe. Around twelve members from 

PLANEX, Physical Research Laboratory, 

Ahmedabad participated in the workshop. An in- : 

house arrangement to catch the live streaming of ~ a — 

the workshop presentations and discussions was __ Participants from PLANEX, PRL att tual 
done at PRL, Ahmedabad itself. eee eemar Volatile 


The workshop began with an opening session on distribution of volatiles on the Moon. The perspectives about the 
physical form of volatiles on the Moon from sample analysis and orbital remote sensing techniques, and possible 
implications for the presence and distribution of water ice and lunar hydrogen were discussed in this session. One of 
the aspects that we now know for sure is water ice is definitely trapped in permanently shadowed areas at the lunar 
poles and concentrations of hydrogen are associated with permanently shadowed craters. However, it is still uncertain 
whether this hydrogen is in water ice or in some other surface material. Another point to ponder upon is temperatures 
on the moon are extreme, ranging from boiling hot to freezing cold depending on where the sun is shining. These 
important points framed the second session of first day of the workshop that prompted discussions regarding 
thermophysical properties of regolith and the consequences for the potential presence and stability of volatiles in 
permanently shadowed regions (PSRs). At the end of individual presentations, there were provisions for submitting 
questions online through the chat-in window of AdobeConnect. Along with this, end of every session had included a 
separate slot for carrying out discussions on the major aspects that were suggested by the participants. PLANEX 
participants were active in all the discussion forums and showed their scientific interest in discussing some of the 
prime issues that were essential for improved implications and understanding. 


From the quantitative analysis, mapping and tracking of lunar surface hydration, it was realized that Moon's volatiles 
are of both exogenic and endogenic origin. However, it is yet to establish whether there is any heterogeneity in 
volatile abundance across the lunar surface, or are they evenly distributed? The third session of the virtual workshop 
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focused on this aspect. Together with a physical and geochemical perspective, presenters tried to answer for some of 
the fundamental questions that dealt with different form of volatile compounds on Moon's surface, their origin and 
distribution. 


The fourth session of the workshop was on explanation of 
the mechanisms by which H/OH across the lunar surface 
is retained in the soil. One of the basic ideas that evolved 
from this session was that ejecta of fresh craters in 
crystalline materials are prone to show relatively strong 
H/OH spectral features. The discussions that followed 
during this session highlighted on further assessment of 
this idea through orbital remote sensing techniques and 
precise modeling approaches. 


The last day of the virtual workshop was even more 


exciting, mainly for the geochemists, cosmochemists and K-25 ——_ University of California Los Angeles 
Presenters and attendees from various parts of USA 


to those who were ahead on their plans to utilize this in 
situ volatile resource. This session was the base from where mysteries actually started to resolve and even they took 
us 4.5 billion years back to discuss on the primordial volatile budget for the Earth and Moon. The recent results that 
focused on estimation of D/H ratios, analysis of the OH contents, and H isotope composition of apatite grains, melt 
inclusions, and volcanic glasses primarily to assess the origin and volatile inventory of lunar interior were presented. 
Some of the PLANEX participants working in similar aspects mainly initiated the discussions that were carried over 
in this session. 


While the Moon's interior and surface are now known to have some traces of volatiles, as data from several 
spacecrafts and novel analytical techniques have demonstrated this property, it is important to understand how and 
from where this in situ resource can be utilized. To work on an aim to make resource-based lunar outstation it is 
essential to start estimating the amount of volatiles, its distribution and physical characteristics from the areas that 
have justifiably displayed signature of H/OH and water ice. Adding to this, the potential of lunar volatiles to produce 
rock propellant and building of a sustainable space transportation infrastructure on Moon's surface that fundamentally 
changes the paradigm of spaceflight operations were also discussed. Some of the presentations further elaborated on 
prospects of in situ resource utilization, which developed a renewed interest in the PLANEX participants for thinking 
ahead in similar motivated aspects. 


In the present era of travel funds crunch, visa problems and busy schedules, virtual workshops proved a hassle free 
opportunity, except for a minor inconvenience of time zones, to be a part of an international conference. Such a type 
of workshop that provides a platform on which similar-minded researchers can gather virtually and discuss on 
various major and minor issues has definitely proven a splendid and helpful event. The participants having benefitted 
by such a thoughtful event on "Lunar Volatiles", it is imperative that they should start thinking on conducting future 
workshops on similar foundation for other planetary bodies. One of the best examples for such a type of workshop 
would be discussing on "Warm and Wet Mars to Cold and Dry Mars". As for now, Adobe Connect is the best online 
tool that is easily accessed and through which we can be a part of such happenings that take place over a wider 
community. Therefore, we should make the best use of this facility and tread on setting up plans for many other 
workshops on similar fundamental aspects. It is important to mention here that all the presentations that were live- 
streamed during this workshop are archived on the website http://lunarscience.nasa.gov/workshop/lunar-volatiles/ 
along with the abstract of the talks. Listening to those presentations will definitely add and improve a lot on our 
fundamental understanding of this important aspect of volatiles in the Moon's interior and on the surface. 
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My journey with PLANEX commenced with the most momentous day of my life when I got official letter to 
join PRL as a project trainee. I had been assigned Prof. S. V.S. Murty as a guide to carry out my final year 
project under his guidance and I can say without any hesitation that this moment can be considered as the 
most precious moment of my life. Truly speaking, four months at PLANEX gave me an opportunity to groom 
myself to be a competent professional. The environment at PLANEX is undeniably stimulating which boosts 
oneself to blossom his career. Being a project trainee, I always got inspiration from each and every erudite 
professional at PLANEX. The opportunity to work with Mr. K. Durga Prasad was the invaluable one who had 
always been there to provide me motivation and guidance to carry out my project. I can never ever forget my 
lab mates who had always been there to help me in any situation. In a nut shell I would say that my 
association with PLANEX inculcated essential things in me to flourish myself as a true professional by 
providing me smooth transition from my college life to professional life and for that I will always be thankful 
to whole team of PLANEX. 


Shival J. Trivedi 

Institue of Technology, Nirma University, 
Ahmedabad 

E-mail: shivaltrivedi@gmail.com 
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ANNOUNCEM 


Workshop on "Mars Orbiter Mission" will be organized during July 26-27, 2013 at PLANEX, PRL, 
Ahmedabad. Participation in the workshop is based on the invitation sent by the organizers. 


"Herschel Data Processing Workshop" will be organized during Aug 26-30, 2013 at Caltech, 
Pasadena, CA. The workshop is free to astronomers new to Herschel and to those who wish to learn on 
how to reduce the data. 

For more details visit:- https://nhscsci.ipac.caltech.edu/sc/index.php/Workshops/ArchiveDPAug2013 


The "Fourth Moscow international Solar System Symposium (4M-S3)" will be organized during 
Oct. 14-18, 2013 at Moscow, Russia. Last date for submission of abstracts is July 31°, 2013. 
For more details visit:- http://ms2013.cosmos.ru/ 


"Annual Meeting of the Lunar Exploration Analysis Group" will be organized during Oct.4-16, 2013 
at the John Hopkins University/Applied Physics Laboratory (APL) in Laurel, Maryland. Last date for 
submission of abstracts is July 31°, 2013. 

For more details visit:- http://www.nordicastrobiology.net/Impacts2013/General.html 


Workshop on "Challenges in UV Astronomy" will be organized during Oct. 7-11, 2013 at Garching, 
Munich, Germany. The workshop is open for submission of abstracts. 
For more details visit:- http://www.eso.org/sci/meetings/2013/UV Astro2013.html 


"AGU's 46th annual Fall Meeting" will be organized during Dec. 9-13, 2013 at San Francisco, 
California. Last date for submission of abstracts is Aug. 6", 2013. 


For more details visit:- http://fallmeeting.agu.org/2013/ 


Workshop on "Golden Spike Human Lunar Expeditions" will be organized during October 3-4, 
2013, at the Lunar and Planetary Institute (LPI), Houston. Last date for submission of abstracts is July 
te e2 0s 

For more details visit:- http://www.hou.usra.edu/meetings/gs2013/gs20132nd.shtml 


Conference on "Exoplanets and Disks: Their Formation and Diversity" will be organized during 
Dec. 8-12, 2013 at Hawaii. Last date for submission of abstracts is July 31“, 2013. 
For more details visit:- http://exoplanets.astron.s.u-tokyo.ac.jp/SubaruConf13/index.html 


Workshop on " HAYABUSA 2013: Symposium of Solar System Materials" will be organized during 
Oct. 16-18, 2013 at Sagamihara, Japan. Last date for submission of abstracts is Aug. 16", 2013. 
For more details visit:- http://hayabusaao.isas.jaxa.jp/symposium/ 


Scientific discussion meeting on "Origin of the Moon" will be organized during Sep. 23-24, 2013 at 
The Royal Society, London. This event is intended for researchers in relevant fields and is free to 
attend. 

For more details visit:- http://royalsociety.org/events/2013/origin-moon/ 


Workshop on "Planetesimal Formation and Differentiation" will be organized during Oct. 27— 
29, 2013, at Carnegie Institution for Science, Washington DC. Last date for submission of abstract is 
Aug. 29", 2013. 

For more details visit:- http://www.hou.usra.edu/meetings/planetesimal2013/ 


"Exoclimes II conference" will be organized during Feb 9-14, 2014 at Davos, Switzerland. Last 
date for submission of abstracts is Sep. 15", 2013. 
For more details visit:- http://www.exoclimes.org/ 
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Machu Picchu 


Astronomy is the most ancient science that has created the scientific 
method of observation in a structured manner, and has exalted the 
sacred importance of the most significant astronomical object by far, the 
Sun. "Machu Picchu", an enigmatic archaeological treasure unlike any 
magnificent stone setting is believed to have remained during its past as 
a sacred history of spiritual energy, extraordinary remains of 
astronomical importance and a ceremonial center to worship natural 
resources, deities and specially the Sun. It is an ancient historical 
sanctuary in the Cordillera Vilcabamba mountain range, in a remote 
corner of southeast Peru, to the north of Cuzco and east of the Andean 
watershed. It signifies the residential place of Inca Empire, and the 
name "Machu Picchu" means "Old Mountain", one of the two 
mountains on which it lies - other is Huayna Picchu (Young Mountain). 
The primeval history of this "stuff of legends" takes us back to mid-fifteenth century during which it was built by the 
Incan royalty. The foundation of Inca Empire was laid around 1200 AD., until then upto 1438 AD.; it remained as one 
of several regional organized societies under the supremacy of its eighth king, Viracocha. The Chancas (a powerful 
rival of Incas), during that time attacked Inca, where although Viracocha escaped from the war, his mighty son 
Pachacuti fought his way to defeat Chancas. Pachacuti began the fabulous white granite constructions in Cuzco itself 
as well as at Machu Picchu that are known as Inca architecture. After Pachacuti died in 1471, there were only three 
more Inca emperors before the Spanish conquered their empire. Machu Picchu was later re-discovered in this living 
era by Hiram Bingham (An American explorer/treasure hunter) in 1911. 


View of Machu Picchu with Una Picchu and 
Huayna Picchu in the background 


Machu Picchu, after its discovery, has become an important tourist attraction protected by the Peruvian Government, 
and UNESCO declared it as a World Heritage Site in 1983. Altogether, there are nearly 200 rooms at Machu Picchu, 
which includes residences, temples, storage buildings, altars, and observatories. Archaeologists estimated that 
approximately 1200 people could have lived in the area. Among its functions as ——— 
astronomical significance, Machu Picchu at least has had three structures that may have 
been used as a primitive observatory. The first is a stone pillar that the Incas called "for 
fastening the Sun," or "Intihuatana." A huge stone sundial carved from the natural rock tops 
this small-flattened pyramid. On March 21 and September 21, the sun stands almost directly 
i “he > Tawer ofthe Sun above the pillar, and stone is able to indicate equinoxes and lunar 
movements. The second structure is a room (The Tower of the 
Sun) roughly shaped like a horseshoe, and has a trapezoidal 
window in it. It primarily appears to permit observation of the 
mid-winter solstice. At a short distance away from the windows, 
in the middle of the Temple, the third structure stands as a 
= rectangular stone (The Temple of the Three Windows); this is 
believed to have been used as a back-sight for solar observations. For these multipurpose 2s 
uses and significance, scholars are still striving to uncover clues to the mysteries hidden here high i in the eastern slopes 
of the Mt. Andes. The Machu Picchu site remains to be of particular importance to astronomers and archaeologists of 
today since it contributed in highlighting the usage of stones and structures for astronomical observations and contains 
elements of Incan architecture and culture that were destroyed from other cities. 
Image Sources: http://www.skole.hr/, nicholasjv.blogspot.com 
Text Sources: http://archaeology.about.com/, http://www.planetquest.org/, http://www.ancient-wisdom.co.uk/ 
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